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K .  1 

K .  PREAMBLE 

This  collection  of  sample  problems is  a supplement t o  Volume 1 

of DESAP 1: fTheore t i ca l  and User 's  Manual". In making up t h i s  

volume, our .a im was t o  f i n d  examples t h a t  would bes t   se rve   the  

following  functions : 

1 )   I l l u s t r a t e  and supplement the   input   ins t ruc t ions  of Volume 1, 

and t o  fami l ia r ize   the   user   wi th   the   ou tput .  

2 )  Explain,  with  examples,  special  problem  areas and pecul ia r -  

i t i e s   t h a t  may a r i s e   i n   t h e   u s e  of t he  program. 

3)  Provide example  problems t h a t  may be  used  for debugging the  

program dur ing   i n s t a l l a t ion  on a new computer  system. 

4 )  Compare the   r e su l t s   o f  DESAP 1 against   solut ions  obtained by 

o ther  means,  whenever poss ib le .  

Although DESAP 1 i s  designed  pr imari ly   for   the  use o f  l a rge  

s t ruc tures ,   the   s ta ted   purpose   o f   the  sample  problems is c l ea r ly   bes t  

f u l f i l l e d  by small, simple  examples  that do not   necessar i ly   represent  

real is t ic   design  s i tuat ions.   Consequent ly ,   the   problems  appearing 

i n   t h i s  volume should  be viewed s t r i c t l y  as t o o l s  of i n s t r u c t i o n ,  

which i n  no way r e f l ec t   t he   u l t ima te   capab i l i t i e s   o f   t he  program. 

Because our  experience  with  the program i s  r a the r   l imi t ed  a t  

th i s   t ime ,   t he  example  problems may well have  overlooked some t rouble-  

some aspects   of   design,   or  even d e f i c i e n c i e s   i n   t h e  program i t s e l f .  

The extensive computer output from  each  design  cycle i s ,  however, a 

powerful   diagnost ic   tool   that   should  enable   the  user   to   pinpoint   the  

d i f f i c u l t y  and make the   appropr ia te   cor rec t ion .  
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An example  problem is  given  for  each  element  type  presently  used 

i n   t h e  program. Each problem  contains a complete  description of t h e  

input   data ,   including an  echo of the   input   cards ,  and the  computer 

p r in tou t  of  the  input   information.   In   order   to   reduce  the  bulk  of  

the   repor t ,   on ly  a p a r t i a l   l i s t i n g  of  t h e  computer output i s  dupl icated,  

c o n t a i n i n g   t h e   i n i t i a l  and the   f i na l   des igns .  The complete h i s to ry   o f  

a design i s  usua l ly  summarized  by tabula t ing   the   des ign   var iab les .  

In  compiling  the  sample  problems, we were seriously  handicapped 

by a lack of adequately documented optimal  design  problems i n   e x i s t i n g  

l i t e r a t u r e .  For th i s   r ea son ,  a one-to-one  comparison  of  the  results 

of  DESAP 1 with  independently  obtained  solutions is  lacking   in  many of 

the  problems. 

As a f i n a l   n o t e ,  we would l i k e  t o  remind the   user   aga in   tha t  

DESAP 1 i s  oriented  towards  large  problems.  Mainly due t o  an extensive 

use  of   auxi l iary  s torage  devices  and other   core-saving  features ,   the  

program i s  n o t   e f f i c i e n t   f o r  small structures  as  used  for  the  sample 

problems.  Consequently,  the  computer  times  for  these  problems  are 

not   expected  to   be  compet i t ive  with  runs  obtained from  programs 

e spec ia l ly   des igned   fo r   s t ruc tu res   o f   l imi t ed   s i ze .  
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L .  BAR ELEMENTS 

L . l  Ten-Bar Cantilever  Truss 

' lOOk lOOk 

Figure L .  1.1 

Layout of  Cantilever  Truss 

The t r u s s  shown in   F ig .  L . l . l  i s  subjec ted   to  a s ingle   load  con- 

d i t i o n   a l s o   d e f i n e d   i n   t h e   f i g u r e .  A l l  t h e  members a r e   t o   b e   s i z e d  

independently. The d a t a  employed in   t he   des ign  i s :  

E = 10 p s i  (Youngl,s modulus). 7 

u* = o* = 25,000 ps i   ( a l lowab le   s t r e s s ) .  t C 

p = 0.1   lb / in3   ( spec i f ic   weight ) .  

A* = 0 . 1   i n   f o r  a l l  members (min. a l lowable  cross-sect ional   area) .  2 

A = 20 i n   f o r  a l l  members ( i n i t i a l   c r o s s - s e c t i o n a l   a r e a ) .  L 

u* = + 2 i n .   f o r  nodes  2, 3 ,  4 and 5 (max allowable  displacements 
Y -  

i n  + - y-di rec t ions) .  

I I II 
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Local  buckling of  members is  not  considered as a des ign   c r i te r ion .  

I t  i s  known from previous  treatment  of  the  problem  [9,10]  that  

the  design  converges  slowly---24  design  iterations  were  reported  in  [9]. 

The slowness i s  caused by the  presence  of   passive members (governed. 

by the  minimum size c o n s t r a i n t s )   i n   t h e   f i n a l   d e s i g n ,  combined with 

u n r e a l i s t i c a l l y  small minimum allowable sizes. 

In view of t h i s   p r i o r  knowledge, i t  was decided  to   over-relax 

the  displacement-constrained  design,  thereby  reducing  the number of 

design  cycles ,  The design was c a r r i e d   o u t   i n  two s tages .   In   the  first 

s t age  c1 = 0 was used   for  one cycle  (NCYCL = 1)  , and a r e s t a r t  deck was. 

requested (KPUNCH = 1 ) .  The r e s t a r t  deck was then employed t o  s tar t  

the  second  s tage  with a = 0.25;   the minimum weight  design was obtained 

a f t e r   f i ve   add i t iona l   r edes igns .  The h is tory   o f   the   des ign   process  

has  been  summarized in Fig, I,. 1 . 2  . a d  Table L .  1.1. 

S ‘e‘dlb2 n i b  on‘ 1h’p’ut-oLttput : 

1)  Uniform sca l ing  i s  an e x a c t   o p e r a t i o n   f o r   t h i s   p a r t i c u l a r  problem, 

‘P” 

s ince  a l l  the  element  st iffness  matrices  have  the form [ K . ]  = [k.]A 

Consequently, KSCALE = 1 was used i n  Design  Control  Data. 

1. 1 i‘ 

2) In  the  absence of loca l   buckl ing   in   the   s t ress -cons t ra ined   des ign ,  

t h e   d i s t i n c t i o n  between Construction Codes Nos. 1 and 2 vanishes.  

We chose   qu i t e   a rb i t r a r i l y  KODE = 1. 

3) Local  buckling  of members was el iminated  as  a design  consideration 

by leaving  the moments o f   i ne r t i a   b l ank  on t h e  Geometric  Property 

Cards. The blanks  were  replaced by the  computer  with I- = I- = 10 , 

which i n   t u r n   r e s u l t s   i n   v e r y   h i g h   b u c k l i n g   s t r e n g t h .  

6 
Y Z  
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4) A negat ive  displacement   ra t io  (see Evaluation of Design No. 0) 

i n d i c a t e s   t h a t   t h e   r a t i o  i s  determined  by a displacement  constraint  

i n   t he   nega t ive   coord ina te   d i r ec t ion .  

5) Load Condition = 0 (see  Evaluation of  Design No. 5)  denotes  that  

t h e  stress r a t i o  is  determined  by a minimum size cons t r a in t .  

6 )  The design  procedure w a s  terminated when a weight  increase was de- 

t e c t e d  between Design Nos. 5 and 6 (see  Evaluation of Design No. 6 ) .  

This   increase is  due to   the   appearance   o f  an a c t i v e  stress cons t r a in t  

which tends  to   push  the  design  past   the  minimum weight  point  .towards 

t h e   f u l l y   s t r e s s e d   d e s i g n .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
- 

Stage 1 (a=O) 

0 1 

20.0  54.65 
20.0 5.91 
20.0 3.21 
20.0 3.21 
20.0 52.60 
20.0 2.57 
20.0 17.26 
20.0 18.48 
20.0 6.42 
20.0 11.83 

Cr i t i ca l ,   Sca led  Designs (sq. i n . )  

Stage 2 (a=O. 25) 

1 2 3  4 5 6 

27.69 27.29 24.80 23.86 23.79 27.81 
16.88 11.80 15.23 14.41 14.96 18.15 
5.09 2.82 1.82 0.63 0.32 0.16 
5.09 2.82 1.82 0.73 0.10 0.12 

27.15 30.68 29.85 31.11 30.58 37.41 
0.55 0.13 0.10 0.10 0.10 0.12 

15.70 19.76 19.63 21.44 20.83 26.05 
14.73 13.31 9.88 8.14 8.46 7.92 
6.16 4.09 2.56 1.03 0.12 0.12 

18.87 18.23 20.46 20.91 20.88 25.84 

Table L.  1.1 

Design History of Cross-Sectional Areas. 
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+ DESAP 1 

-0- Reference [9 ]  

5 10 15 20 25 
Number o f  Cr i t ica l   Des igns  

Figure L . 1 . 2  

Cantilever  Truss Design History o f  S t r u c t u r a l  Weight. 
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Echo o f  Input Cards f o r  the  First Stage of Design (a = 0) 
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1 1 0 .00OF-01  0.llOOE-01 0 . 0 0 0 E - 0 1  0.000OF-01 0.000flF-01 fl.0000E-fl1 

VILIJES @F  nFSIGN  VLRIAOLES 

1 2 3 4 5 6 7 8 9 10 

fl 0.7000E 0 2  0.2000F 0 7  0.ZOPOF O Z  0.2OOOF 0 2  0 .2000E 0 2  0,.7000E 02 0.2000E 0 2  0.2OOOE 02 O.2OOOE 0 2  0.200OF 02 

AN4LYSlS OF TPIJSS FLFMEMTS,  CCNSTPN CCOE. 1 

FLEMEPIT X-SFCT b Q F A   L C 4 0  CflNO A X 1 6 1  FFRCF: 

7 
1 

3 
4 
5 
b 
7 

9 
n 

Ln 

O.?OOflF 0 2  

0.20flflF 0 2  
0.2OOOE 0 7  

0.?000€ 0 2  
0.ZOOOE 0 2  
').2ofltl= 0 2  
0.2000F 0 2  
0.7000E 02  
0.7000F 02  
0.ZOOOF C 2  

1. -0.59PAE CS 
I - 0 . 2 0 4 6 F  Ob 

1 
1 

0 . 4 0 1 2 F  0 5  
0 . 4 0 1 2 E  05 

1 
1 0.35491: 05 

0 . 1 9 5 4 E  0 6  

1 
1 

-0 .1349F Ob 
fl.148OE Ob 

1 
1 -0 .5674E 05  

0.8'968F 05 

MAX 0 . 4 0 9 3 F  00 1 
WIN 

1 
0.709RE-01 I 4 

S T R E S S  P b T I O  L 0 A n  CnN@ D E S  V d R l P P L F  

W A X  OISP PATIOS tn40 r m n  EON ~ L Y P E R  

-0.9R4QE flfl 
-0.94RRF nll 

1 
1 

4 
6 



UNIFOPM  SCALING  OPFRATIPY FOLLrlWS 

VILUES OF OFSIGN VAPlA@LES 

1 7 3 c 5 6 7 8 9 10 

0 0.197flF: 02 0.1970E 02 0 . 1 9 7 . X  02 fl.1970E 02 0 .1970E 02  0 .1970E 02 0.1970E 02 0 .1970E 02 0.1970E 02 0.197OE 02 

STRUCTURAL  WEIGHT= 0.8266E 04  

REOESICH PPERATInN FOLLOWS 

1 
2 

ACT 

3 
K T  

4 
K T  

5 
b 

ACT 

7 4c 1 
8 ACT 

IO 
9 I C T  

CCT 

nc T 

p a s s  

-0.15343E 01 
-0.166OOE 00 

-0.90135E-91 
-0.90133E-01 

-0 .14767E 0 1  
0. R7555E-07 

-0 .4E441E 0 0  
- 0 - 5 1 8 7 8 c  O C  
-0. lRO77E O C  
-0.39 1 9 9 5  oa 

NO. nF 8CTIVE  DISPLACFYFYT tONSTR1lNTS A R E  1 



* + t * + + L * ~ * * * * * ~ ~ * , * ~ . + + t * * * * * * * ~ * *  

l N 8 L Y S I S  OF  OESIGN  NIJWFR 5 
*+*L**+~*.****t*****+~**+,++ 

NOON  DISPLACEMENTS  AN0  RQTATIONS 

NODE LOAD X Y 2 x x  VY ZL 

6  1 0.0005-01 0.000E-01 0.000E-01 0.0000E-01 0.000OF-01 0.0000E-01 

5  I z . ~ ~ ~ F - o L  - 7 . 3 ~ 9 ~ - 0 1  o.onoE-01 O.OOOOE-O~ O.OODOE-O~ O.OOOOE-O~ 

4  1 2 . 3 4 4 F - 0 1  - i? .OO4E 00 0.000E-01 0.0000E-01 0.0000F-01 0.0000E-01 

3 1 - 5 . 4 0 2 E - 0 1  -2.CO3E 00 0.000E-01 0.0000E-01 0.OOOOE-01 0.0000E-01 

2 1 - 2 . 9 9 5 5 - 0 1  -1.478F 00 0.000E-01 0.0000E-01 0-0000E-01 0.0000E-01 

1 1 0.00OE-01 0.000E-01 0.000E-01 0.0000E-01 0.0000E-01 0.0000€-01 

ANALYSIS OF TRUSS  ELEWFNTSV CCNSTRN CCDs= 1 

FLFVFNT X-SECT ARE8 LO4n CON0 b X l A 1  FORCF 

I 0 . 2 3 7 9 ~  0 2  

3 0.3181~ 00 

5 0 . 3 0 5 8 ~  02 

r o . 2 0 ~ 3 ~  07  

2 0 . 1 4 9 6 E  02  

4 0.1000E 00 

6 0 . 1 0 0 0 E  00 

E 0.8460F 01 

IO 0 . 2 0 8 8 E  0 2  
9 0.118EF 00 

1 
1 

-0.1000E 9 6  
-0 .1979E C6 

1 -0 .965RE 01 
I 
1 

-0 .9672E 01 
O . Z O 2 1 E  0 6  

1 0 . 2 0 5 9 E   0 4  
1 -0.1443E 0 6  
1 0 . 1 3 8 5 ~  06  

1 
1 0.1367E 0 2  

O.1414E 0 6  

MAX 0.IOOOF 01 
WIN 

0 4 
0 .2643E 00 I 5 

S T R F S S  PATIO  LOA0 COND OE'S V d P I I R L F  

M A X  D l S P  RATIOS  LOA0  CON0 EON KCWRER 

-0.1001E 0 1  4 1 
1 6 -n.1002F 01 

Computer P r in tou t   fo r   t he  Second Stage o f  Design (a = 0.25) 
(The l a s t  two designs only are reproduced.) 



0 F t l F . N  IS C R l T l C A L  

STRUCTUPAL WEtGHT= 0.5074E 04 

RFDESIGN  nPFRATICIN FOLLOWS 

IYPTIMbLlTY  INDEX OF D F L l G Y  VAaJ4BLES FOR O I S P T .  CONSTRAINTS 

DV NQ ACTIP4S  INnEM 

7 
1 

3 
4 
5 
6 

8 
7 

10 
9  

a t T  
A t  T 
ac T 

K T  
PASS 

PASS 
AC 1 
ACT 

K T  
p a s s  

- 0 . 9 6 2 6 9 E  00  
- O . l 0 1 % 1 C  01 
-C.2161OS_ 00.  

0.22408: 00 
-0.10230C: 01 

0 . 5 2 9 2 3 F  91 

-0.704381: 0 0 .  
- 0 . 1 0 5 3 5 E  01 

-0.1038bE 01 
0.31131E 00 

NO. flF ACTIVE  DlSPLACEblENT  CONSTRAINTS LRE 1 



t***++*****.****+***~~,~~***** 

AN4LYSIS OF OFSIGN NUMRFR 6 
* .L** , **C******L,~* .****~~***~ 

NDOAL OISPLACEMFNTS  AN0 R O T A T I O N S '  

NODE LOAD X Y z xx  YY ZL 

6 1 o.nnof-ol O.OCIOE-OI O . O O O E - O ~  O.OOO~E-OL O.OOOOE-O~ O.OOOOE-OL 

5 1 2.352€-01 -7.Z05E-01 0.000E-01 0.0000E-01 0.0nOOE-01 0.0000E-01 

4 1 1.550F-01 -2.037E 0 0  0.000E-01 0~0000E-01 0-0000E-01 0.0000E-01 

3 1 -5.454E-01 - 1 . S l 6 E  00 ' 0 . O O O E - 0 1 '  0.0000E-01 0.000OE-01 0.0000E-01 

z 1 - 3 . 0 6 ~ - 0 1  - 1 . ~ 0 3 ~  00 O.OOOE-QI O.OOOOE-O~ O.OOOOE-O~ O.OOOOE-OI 

1 1 0-000E-01 0.000E-01 0.000E-01 0-0000E-01  0-0000E-01 0.0000E-01 

VALUFS OF P F S l t N   V A P I A R L F S  

1 2 3 4 5 6 1 8 9 10 

o O.2313F oz 0 . 1 5 0 9 ~  02 0.1311~ 00 0.1000~ 00 0.3111~ 02 0.1000~ 00 0.2166~ 02 0.6584~ 01 o.lnwE 00 0 . 2 1 4 8 ~  02 

ANALYSIS  OF  TRUSS  FLEMENTSt  CONSTRN  CCD€* 1 

ELFMFNT X-SFCT 8RFA L@AO CDND 

1 
2 

4 
3 

6 
5 

7 
8 

10 
9  

0.2313E 02 1 
0.1509F 0 2  1 
0.1311F 00 1 

0.3111E 0 7  
0.1000E 00 1 

1 
0.1000€ 00 
O.ZlbbE 02  

1 

0.6584E 01  
1 
1 

0.1000E 00 1 
0.2148F 0 2  1 

AXIAL  F@PCE 

-0.1968s 06 
-0.1002E Oh 
- 0 . 2 2 7 9 E  03 
-0.2229E 0 3  

0.2032E 06 

-0.ll6OE 06 
0.1369E 06 
0.3152E 0 3  
O.1411E Ob 

0 . 3 0 0 7 ~  0 4  

MAX 
S T R E S S  R A T I O  LOA0 CON0 DES VLRIABLE 

0 . 1 2 0 3 F  01 1 6. 
M l N  0.26I3E 00 1 5 

HEX n l S P  R A T I O S  LOA0 CONI) ECN NLMPER 

- 0 . 9 8 8 0 F  00 1 4 
-0.1019E 01 1 6 



UNIFORM  SCALING  OPFRATlON FOLLOWS 

SCALE  FACTllR IS 1.203AND  OETFRMlNEO B Y  STPESS  CTNSTPAINTS 

CESIGN  VAQIAELES  OF SCALED ICRIT lCAL)   OESIGN b R B  

VALUES OF DESIGN  VAPIABLFS 

1 1 3 4 5 6 7 E 9 10 

D 0 . 2 7 8 1 ~  02 0 . 1 ~ 1 5 ~  02 0 . 1 5 7 6 ~  00 0 . 1 2 0 3 ~  OD 0 . 3 7 4 ~  0 2  0 . 1 2 0 3 ~  00 0 . ~ 6 0 5 ~  02 0 . 7 9 1 9 ~  01 0 .1203~  00 0 . 2 5 8 4 ~  02 

STRUCTIJRAL WEIGHT= 0.606V 04 

DEDFSICN  OPEPATION FOLLOWS 
TFSWlFlAL DESIGN-"LIGHTEST  CRlTlCCL  DFSIGN I S  DESIGN NUPEER 5 



M.l.l 

M. BEAM ELFMENTS 

M . l  Plane  Rectangular Frame 

The geometry  of t he  frame i s  def ined  in   Fig.  M.l.l. Each of t he  

twelve  elements is .. sized  independent ly ,   but   the   cross-sect ional  pro- 

por t ions  of  the   re fe rence   sec t ion  must  be  maintained  throughout  the 

s t ruc tu re ,   i . e . ,   Cons t ruc t ion  Code  No. 2 is  t o  be  used. 

The frame i s  subjected  to   three  load  condi t ions shown in   F ig .  M.1.2. 

The remainder of  the   des ign   da ta  is: 

6 E = 29 x 10 p s i  (Young's  modulus). 

o* = CY* = 29,000 ps i   ( a l lowab le   s t r e s ses ) .  t c  
p = 0.283 lb / in5   ( spec i f ic   weight ) .  

A* = 0 . 1   i n   f o r   a l l   e l e m e n t s  (min. a l lowable  cross-sect ional  L 

areas) .   S ince   th i s   va lue  i s  never  reached  during  design, 

i t  is  equivalent   to   having no  lower bound on the  element 

s i z e s .  

A = 30.0 i n   f o r  a l l  e l emen t s .   ( i n i t i a l   c ros s - sec t iona l   a r eas ) .  2 

Note t h a t   t h i s   v a l u e   d i f f e r s  from the   c ross -sec t iona l   a rea  

of   the   re fe rence   sec t ion .  

u* = + 0 . 3  i n   f o r  nodes 1, 5, 6 and  10 (max. allowable  displace- x -  

ments i n  + - x-di rec t ion) .  

Symmetry of   s t ruc tura l   l ayout ,   loading  and the   cons t r a in t s  w i l l  

r e s u l t   i n  a m a t e r i a l   d i s t r i b u t i o n   t h a t  i s  a l s o  symmetric. We may take  

advantage of t h i s  knowledge  and  impose symmetry conditions on the  



M.1.2 

Figure M. 1.1 

Layout of Elements  and  Reference Cross Section 

5 10 10  10 5 

I '  
5 

8 . 9 2  
.I' 
c 

77n7 (2 1 En77 

Figure M. 1 . 2  

Load Conditions  (loads i n  kips) 

I 



M.1.3 

design at the   ou tse t ,   us ing   the   fo l lowing   equal   s ize   cons t ra in ts  : 

A1 = A2 (= D l >  9 A 3 4  = A (= D2) , 

where D i = 1,2,. . . ,6   are   the  independent   design  var iables .   I t  i s  

now suff ic ient   to   consider   load  condi t ions  (1)  and (2) only.  

i’ 

The design  his tory  of   the  f rame i s  summarized in   Table  M.l.l 

The f ina l   des ign  was reached   a f te r   s ix   redes ign   opera t ions ,   bu t   the  

weight  changes i n   t h e  last  two redes igns   a re   negl ig ib le .  The design i s  

governed by s t r e s s  and displacement  constraints  simultaneously.  

A frame  with  identical   layout,   loading and cons t ra in ts   has  been 

t rea ted   in   Ref .   [9]  by a somewhat d i f fe ren t   des ign  method. The optimal 

design was reached   in  1 2  design  cycles.  A d i r e c t  comparison  of t he  

results  with  those  of DESAP 1 i s  n o t   p r a c t i c a l ,  however,  because the  

proport ions of the  cross   sect ion were not   kept   en t i re ly   cons tan t   in   [9] .  

Special   notes on input-output :  

1)  We s e t  KSCALE = 2 i n   t h e  Design  Control  Data,thereby  implying  that 

t he   i n t e rna l   fo rces  remain  unchanged upon uniform  scal ing,   i .e .  

t h a t   s c a l i n g  is  an exact  operation. The above i s  t rue  only i f  the  

contribution  of  the  axial   deformations is  neglected  in  comparison 

to  the  bending  deformations,  which may indeed  be done for   or thogonal  

frames. This  approximation i n  no way impairs  the  accuracy  of  the 



M.1.4 

f ina l   des ign ;  it simply means t h a t  f o r  a scaled  design  the 

maximum stress or  displacement  ratio  (whichever  governs) i s  not  

prec ise ly   one .  

2) Node number 13 i n  Nodal Point  Input Data i s  used   so l e ly   fo r  de- 

f i n i n g   t h e   d i r e c t i o n  of t h e   l o c a l  y-axis of each  element  (also 

see Element Data). 

3) Bending takes  place  about  the  local  z-axis;   consequently  properties 

o f  the   c ross   sec t ion   about  2 and  y-axes do not   have  to   be  def ined 

on t h e  Geometric  Property  Cards. 

- . . . - . . 

Des. 
Var . 
.. . - .  

1 

2 

3 

4 

5 

6 
. . .. .. 

E l e m .  

1 9 2  

394 

5 96 

798 

9,lO 

11,12 

W t .  (kips) 

Cri t ical ,  Scaled  Designs Isq. i n . )  
~~ 

0 1 2 3 4  5  6 

30,OO 24.39  19.91  16.30  13.84  12.51  11.70 

30.00 21.05 15.31 11.68 9.57 8.55 8.09 

30.00 22.68 16.63 12.10 10.99 11.08 11.19 

30.00 34.83 39.11 41.35 43.07 44.06 44.59 

30.00 22.33 20.60 21.74 22.63 23.16 23.45 

30.00 30.25 31.11 31.43 31.85 32.21 32.37 

13.24 11.59 10.75 10.21 10.04 10.03 10.03 

Table M .  1.1 

Design  History  of  Cross-Sectional Areas and Tota l   S t ruc tura l  Weight. 





7 o n - 1  -1 -1 n 
I n , o  - 1  - 1  -1 0 

3 0 0 - 1  - 1  -1  0 
4 0 0 - 1  -1  -1 n 

5 0 n -). - 1  -1 n 
s n 0 - I  - 1  -1 
7 n n - I  - 1  - I  o 
R n 0 - 1  - I  -1 9 

1 

0 o.ono 
1 
0 
1 
0 

0 .ooo 

0 
0 0.000 

o .on0 
o .no0 

o.ono 
o.ono 

T 

0.000 
0 .  on0 
0.000 
n. cnn 
0 .  onn 

n. o m  
0.003 

(I. no0 

Computer Printout 
(Input  data,   the  init ial   design and the  final  design  only are reproduced.) 



9 (I 0 - 1  - 1  -1 0 wo.noo 
10 0 @ -1  - 1  -1 0 

1 R O  .ooo 
480.000 1R0.000 

11 1 I - 1  - I  -1 0 
1 2 1 1 1 1 1 0  

0 .OOP o.onn 
4 a 0 . 0 0 0  

L 3 1 1 1 1 1 1  
0.nn0 

-1or.oon h00.000 

W U I T  1 @N NUYR FD 5 

m I  x Y 7 x x  Y Y  7 7  
1 1 7 O b O 3  
2 4 5 0 0 0 6  

4 10 I 1  0 0 0 12  
~ ~ R O Q O Q  

5 1 3  1 4  0 (1 0 1 5  
6 l h  1 7  @ @ 0 18 
7 19 2n 0 0 0 2 1  
R 72 23 0 @ b 24 

IO 7 8  29 0 0 0 3 0  
9 25 2 6  F I! 0 27  

1 2  0 0 0 0 0 3 2  
11 o o n I! 0 3 1  

1 3 o o o o n n  

0 -000 0.000 
0.000 
0.000 

0.000 

0 -000 0.000 
0.000 0 .  Cloo 

0. coo 



FLFHct'T LPAO ~ I l L T l P L l F R S  
c A 9 0 

x-nv o.nwoonn 00 o.cnr)l)ooo 00 o.nnonom on n.oonnonn no 
y-om o m n n o o D  00 o.oao1)ono 00 o.boooonr) oo o.onnoonn 00 
z-nls o.nnnonm 00 O.OOOOOOD 00 o.oonnnnn no 0.oonnooo 00 

F I X E 0  FN9- 
4 e  

0 0  

0 0  

0 0  
O P  

0 0  
0 0  

o n  

n c  
n o  

n o  
n o  

o ( 1  

.FnPCF 10 1 
t o  

n o  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
n o  
0 0  
0 0  

oooooo 

O O O O ~ @  
0nOOOO 
on0000 
onor?no 
O@@OOO 

noooon 

onoonr) 
nnoooo 

nnoooo 
n3nooo 

@@00W 

t. 
6 
6 
6 

18 

6 
b 
6 
6 

16 
5 

18 

2 
1 



"_" "_" 
ny 

0. no0011 
o.onano 

o.cn(roo 
0.00nno 

0. r)oo00 
0.00000 

0.00009 
o.(roooo 

nz 

o.no00o 
0.cooo0 

~ . o n ~ r ) n  

n.ooooo 
o.ooono 

0.00000 
o.o!-Jooo 

0.00000 

M A X . A l . l D U A B L C  
R X  O Y  

o.oo0on o.ooono 

r).oooon o.ooooo 
n.nooon o.ooooo 
o . n ~ o o o  o.onnno r). owno o .mono 
n. ooooo o .ooono 

O . F ~ O O O  o.oonnn 
0.00ono o.on00n 

MX 
o.onoF: 90 

n.nooF 00 
n.oooE 00 
o.oonF no 

0.000F 00 

O.OOOF 00 
o.00nE 00 
0.0OOF 00 

'J.0OOF 00 

0.000F 00 

O.O@OE 00 
0.nOr)F 00 

0 . 0 0 0 ~  on 

n.oonF on 

o.nonF OF 
n.oow 00 

O.O@OF 00 
0.000F on 

0.0OOF 00 
0.OOOE 00 

D I S P L I C F W F N T S  4ND RT! 
0 2  -DX 

o.nooon -0.30000 
o.onooo -0.300oo 
n.ooono -0.300oo 
o.onaoo -0.30nno 

o.snono -0.3nono 

n.noono -0.30oo0 

0 .  00000 -0.30000 

0.00000 -0.30000 

I T A T I O Y S - -  
-DY 

0.00000 
0.0')OOO 

0.0n900 
O.OR000 

0.00000 
0.09000 

o m o o o  

o.onooo 

HY 
o.nonF on 

o.now 00 
O.OOOF no 
n.nnoE 00 

O.nn0E 00 
O.OOOE 00 

0.000F 00 
O.@OOE 00 
0.noo: 00 
0 . 0 0 0 E  00 
0.0OOE 00 

O.0OOE 00 
0.OOOE 00 

0.000E 00 
0 . 0 0 0 E  00 

0.000' 00 

F.@OOE 00 

0 . 0 0 0 ~  no 

o.nooE no 

n.oonr no 

0.0OOE 00 
0.@00€ 00 

MZ 

0 . 0 0 0 ~  Qn 
o.nooF no 

n.nooE on 
O.OOOF on 

0 . 0 0 0 ~  no 

O.Ob0E 00 
O.0OOE 00 

0.0OOE '30 

O.RO0E 00 
0 . 0 0 0 E  00 
O.OO@E 00 
O.OOOE on 
O.QOOE on 

0 . 0 0 0 ~  on 
0.000E 00 

0.000E 00 
r).OOnE 00 
O.OO0E 00 

""""" 

0. oonno 
-DZ 

0.00000 
0. ooono 

0.00000 
0. oooon 

0. onono 
o.onooo. 
0. ooooo 

."""" 

o.onnoo 
-a x 

0. noooo 
0.00090 

o.oon1)o 
0.00000 

0.00000 
n.00000 

0.00000 

-""""" 
o.nnnoo 

"D Y 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . 0 0 0 ~ 0  
o.ooono 

"""" I 

0.00000 
-P L 

o.ooooo 
0.00000 
F.ooo00 

0.00000 

0.00000 

n .oomo 

o.ooono 



11 1 
2 

12 1 
7 

11 1 
2 

2 
9 1  

R 1  

7 1  
2 

6 1  
2 

5 1  
2 

4 1  
E 

3 1  
2 

7 1  
7 

7 

1 1  
t 

I n  I 

7 

n.0WF-01 
0. o n w - 0 1  
0.9OOF-01 
n. onoc-01 
O.CJOOF-O~ 
9.90OE-01 

- 1 . 7 4 1 E - 0 7  
-1.357E-07 

-1.481F-01 

-2.R58E-Ol 
-1.778F-01 
-2.F73F-01 
-1.241F-02 
-1.1 ?(.E--ll? 

-1.094F-01 
-1.t57E-02 

- I .  T ~ R F - O I  

- 2 . e 5 w - 0 1  

-1.51 7 F - n ~  

- n . 6 w - n t  
-1.554c-01 
-1 -546E-01 
-1.004E-01 
-1.133E-01 
-1.517F-02 -I. 3 7 7 ~ - 0 7  

? Xy. VY ZZ 

o.nncI=-oI 

o.noo=-ol 
o.onoC-01 
o.nno=-ol 

o.nooc-nl 
o.oonc-01 
o.nnrlE-nl 

0.00~F-Pl 
3.000=-n1 

O.0OOE -01 
o.nonc-01 

o.nnnE-ol 
o.onoE-nl 

o.no?)c-Ql 

0.OOllF-r)l 

o.O0O=-?l 
O.n00F-01 

0.OFOC-rll 
U.00OF-01 

o.onoF-01 
0.0nOF-nl 

O.@OOF-01 
0.0OOE-01 
o.oco~-ul 

o.mnc-01 

3.oonE-r)l 

n.ononF-01 o.oFonF-o1 
o.noooF-01 n.nonoE-01 

O.OOOOE-FI -1 .a99n~-o1 
0.OOOOF-01 -3.0391E-04 

0.0000E-01 3.0392E-04 

C"000OF-01  5.1716F-04 
0.OOOOF-01 -1.3124E-03 

o.noooE-01 - I . ~ ~ ~ R E - M  
o.omnF-ol 1 . 5 n l z ~ - o 3  
O.nO00F-01 1.6598F-03 
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N . l . l  

N .  PLANE STRESS  ELEMENTS 

N . l  " Rectangular  Plate  with  Reinforced Hole 

Y 1 250 lb / in  

Figure N . l . l  

Plate  with  Reinforced Hole 

X 
t 

The p l a t e  under  considera- 

t i on  i s  shown in   F ig .  N . l . l .  Due 

t o  double symmetry, i t  is  s u f f i -  

c i e n t   t o   t r e a t  one quadrant of the  

plate   only,  as indicated by the 

f i n i t e  element mesh in   Fig.  N.1.2.  

Isotropic,  plane  stress'  elements 

(Construction Code No. 2) are  used 

t o  model t he   p l a t e ,  whereas the 

reinforcement is  approximated by 

a series  of  bar  elements (.Con- 

s t ruc t ion  Code No. 1 was chosen 

a r b i t r a r i l y ) .  Each element i s  

sized  independently. 

Ident lcal   mater ia l  i s  used fo r   t he   p l a t e  and the  reinforcement,  with: 

E = 10 p s i  (Young's modulus), 

v = 0.25  (Poisson's  ratio),  

6 

u* = a; = 25,000 ps i   (a l lowable   s t ress ) ,  t 

p = 0.1  lb/cu.in.   (specific  weight).  
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Figure N.1.2 

Finite Element Mesh  for a Quadrant of Plate 

11 

:enterline 

J 

18 

52 
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In   addi t ion   to  stress constraints,   upper bounds are '   placed on 

the  re la t ive  displacements  of  t he  edge of   the  hole .   Referr ing  to  

Fig. N.1.2,  the   cons t ra in ts   a re :  

u* = + 0.341 i n .   f o r  node 6 ,  x -  

u* = + 0.341  in.   for node  32. 
Y -  

The i n i t i a l  and minimum allowable  values  of  the  design  variables 

a re  

t = 0.055 in .   ( thickness   of   plate) ,  

A = 0.2145 in2  (cross-sectional  area  of  the  reinforcing  r ing),  

t* = 0.01 i n . ,  

A* = 0.01 i n  . 2 

The his tory  of   the  design i s  summarized i n  Tables N . l . l  and N.1 .2 .  

The problem was run f o r  seven  redesign  cycles  with a re laxa t ion   fac tor  

of ct = 0.4.  The seventh  design  has  not  yet  reached  the  convergence 

c r i t e r i a ,   b u t  it was cons idered   to   be   suf f ic ien t ly   c lose   to   the   f ina l  

design t o  make fu r the r  runs unnecessary:  the  weight  change i n   t h e  

last  design  cycle i s  small  (Table  N.1.2), and the   op t imal i ty   ind ic ies  

of  a l l  the  design  variables are within  the  acceptable bound, with  the 

exception of  design  variable No. 5 (see  Evaluation  of Design No. 7 ) .  

Tables N .  1.1 and N.  1 . 2  also  contain  the  design  obtained by a 

different  optimization  technique [ll], but   regretful ly   only an 

order-of-magnitude  comparison of  t he  two designs  can  be made.  The 

problem is  t h a t  Ref. [ll] employed t r i angu la r  membrane elements, and 

I 
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allowed  the  plate  thickness  to  vary  l inearly  within  each  element.  A 

l inear   var ia t ion   o f   the   c ross -sec t iona l  area was a l so  used fo r   t he  

reinforcement. We at tempted  to  compensate fo r   t h i s   d i sc repancy   i n  

modelling by laying  out  our  f inite  element  net   such  that   the  center 

o f  each  element  coincides  approximately  with a nodal  point  of  Ref. [ll].  

The design  variables a t  these  nodal  points have  been l i s t e d   i n  

Tables N . l .  1 and N.1 .2  as  the  results  of  Ref.  [ll] . 
The comparison is  made more d i f f i c u l t  by lack  of  other  information 

i n  Ref. [ll],  such as the  Poisson 's   ra t io   used,  and an explanation  of 

how the   s t ruc tu ra l  weight was computed (we were unable  to  duplicate 

the  nondimensional  weight l i s t e d   i n  Ref. [ l l ] ) .  . 
The main discrepancy is  in   the  thickness   of   the  membrane elements 

ad jacent   to   the   ho le ,  where our  design is considerably  heavier. The 

source  of  these  differences i s  l i k e l y  due t o   t h e   f i n e r   f i n i t e  element 

mesh t h a t  we used  around the  hole ,   thereby  obtaining a more accurate 

predict ion  of   the  s t ress   concentrat ion.  

A noteworthy  feature  of  the  design is  the  small weight  increase 

between designs Nos. 3 and 4 (Table  N.1.2). Such weight  increments 

a re  commonly caused by a change i n   t h e   a c t i v e   c o n s t r a i n t s ;   i n   t h i s   c a s e  

the  appearance  of a s t r e s s   cons t r a in t   t ha t  was i n a c t i v e   i n   t h e  f irst  

three  redesigns.  

Special  notes on input-output: 

1) The Von Mises y ie ld   c r i te r ion   on ly  was used in   the   s t ress -cons t ra ined  

design  of membrane elements. The maximum shear   s t ress   theory   o f  

f a i l u r e  was made inoperat ive by specifying T* = 0 on the  Mater ia l  

, Property  Cards. 
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2)  The loading  acting on the  sides  of  elements 25, 32 and 36 is  

def ined  in   the Element Data as  uniform  compression  of 25,000 lb / in .  

The use of t he  Element Load Mul t ip l ie r  - 0.01  converts   this  

load  to   the  desired  tension  of  250 lb / in .  

3)  The use of  the  stress pr in tout  code NS = 3 i n  Element Data means 

t h a t   t h e   s t r e s s e s  are evaluated at the  center   only  for  each membrane 

element.  Stress-constrained  redesign is ,  therefore,   based  solely 

on these   cen t r a l   s t r e s ses .  

4)  The incompatible  displacement modes were not  suppressed,  since 

N P A R ( 6 )  was l e f t  blank on the  Element Control Card (see Echo of 

Input  Cards). 
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Q) 
4 

6% .r( .A 
m n k  
Q ) c d  
n >  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
15 
16 
17 
18  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

b 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 - 

Crit ical ,  Sca led  Designs ( th i ckness  in inches )  

0 1 2 3 4 5 6 7 

.lo56  .0398  .0100  .0100  .0111  .0104  .0100  .0100 

.lo56  .0945 .OS13 .0117  .0111  .0104  .0100  .0100 

. lo56  .1565 .1120 .0697 .0317 .0104 .0100 .0100 

. lo56  .2396 .2194 .1898 .1727 .1186 .0773 .0522 

. lo56  .3031 .3517 .3986 .5209 .5404 .5844 .6354 

. lo56 .0464 .0116 .0100 .0111 .0104 .0100 .0100 

. lo56 .0660 .0299 .0100 .0111 .0104 .0100 .0100 

. lo56 .0972 .0670 .0377 .0269 .0179 .0128 .0104 

. lo56 .1390 .1261 .0988 .0968 .0865 .0866 .0868 

. lo56 .1879 .1960 .1777 .1895 .1657 .1514 .1425 

. lo56  .2205 .2812 .3015 .3825 ,3835 .3968 .4187 

. lo56  .0693 .0381 .0213 .0148 .0104 .0100 .0100 

. lo56  .0773 .OS12 -0336 .0326 .0277 .0250 .0234 

. lo56  .0953 .0820 .0618 .0673 .0632 .0633 .0657 

. lo56 .1103 .1223 . lo67  .1194 .1118 .1108 . 1 1 2 1  

. lo56 . lo62  .1587 .1590 .1925 .1817 .1782 .1782 

. lo56 . l o47  .1507 .1471 .1787 .1681 .1650 .1663 

. lo56  .0729 .0496 .0352 .0310 .0265 .0248 .0245 

. lo56  .0736 .0544 .0404 .0391 .0338 .0324 .0378 

. lo56  .0866 .0800 .0646 .0694 .0622 .0593 .OS91 

. lo56  .0936 . lo25  .0917 .1105 . l o 2 2  .0979 .0979 

. lo56 .0605 .0443 .0326 .0400 .0338 .0301 .0287 

. lo56  .0824 .0796 .0667 .0877 .0790 .0742 .0735 

. lo56 .0491 .0244 .0154 .0136 .0135 .0132 .0130 
,1056 .0531 .0283 .0162 .0115 .0104 .0100 .0100 
. lo56 .0641 .0432 .0273 .0245 .0199 .0177 .0169 
. lo56  .0688 .0519 .0292 .0330 .0315 .0309 .0315 
. lo56 .0622 .0386 .0170 .0111 .0104 .0100 .0100 
. lo56  .0842 .0926 .0810 .1151 .1237 .1287 .1332 
. lo56  .1407 .1658 .1605 .2284 .2414 .2387 ..2400 
. lo56  .0493 .0212 .0110 .0117 .0122 .0212 .0122 
. lo56 .0498 .0235 .0121 .0120 .0110 .0106 .0106 
. lo56 .0437 .0100 .0100 .0111 .0104 .0100 .0100 
. lo56 .0353 .0100 ,0100 .0111 .0104 .0100 .0100 
. lo56 .OS23 .0208 .0103 .0111 .0104 .0100 .0100 
. lo56  .0397 .0100 .0100 .0111 .0104 .0100 .0100 

. lo56  .056s . o m  .o100 . o m  .0104 .o ioo  .o100 

Table N .  1.1 

Design  History of Membrane Elements. 

Ref. 
[I11 

. O l O O  

. O l O O  

. O l O O  

.0146 

.1354 

.1536 

. O l O O  

. O l O O  

. O l O O  

.0347 

.1809 

. O l O O  

. O l O O  

.0480 

.0718 

.0806 

.0172 

.0264 

.0240 

.0782 

.0418 

.0102 

. O l O O  

. O l O O  

.0189 

.0251 

.0498 

.0102 

. O l O O  
-0100 
. O l O O  
.0100 
. O l O O  

? 

? 

? 

? 

- 



. N.1.7 

c, 
B Critical, Scaled  Designs  (areas i n  sq. i n . )  E : .  al Ref. 
?I 
LLl [i11 0 1 2 3 4 5 6  7 

38 
39 
40 
41 
42 
43 

.0215 .1316 .1595 .1880 .2511 .2601 .2718 .2795 

.0215 .1149 .1298 .1417 .1754 .1684 .1634 .1590 

.0215 .0.833 .lo18 . lo39 .1233 .1148 .lo88 . lo47 
,0215 ,0315 .0375 .0332 .0372 .0331 .0356 .0289 
.0215 ,0202 .0100 .0100 .0111 .0104 .0100 .0100 
,0215 .0313 .0223 .0137 .0111 .0104 .0100 .0100 

.2149- 

.1767 

.0768 

.0207 

.0008 

.0256 

Wt. ( lb)  I .8656  .5672  .3992  .2959 .3121 .2862  .2763  .2759 I ? I 

Table N .  1 . 2  

Design History of Bar Elements and Total  Stmc tu ra l  Neight 



I - I  
1 
I 
I 
I 
I 

1 

I 

1 

h l 1  
I I 

I n.1 
I nnnonn.' 
? . I f 0 5  

I ?  I 3  1 
1, I ?  I 

13 I9 1 

n. I I 

- 1  - I  - I  
n. 5 
1 . 7  
2.7 
3 . 5  
1.q 

0 . 5  
l.R 
?.R 

3 . 0 1  
?.or  

J . 6  

1 . n  

1.9 
7 .  

L .  7 6  

n. 7 

n.9 
2.5 
3.7 
b . 7 

5.56 

1 .7  

4 . 7 
6 .  I 

3.6 

7 . s  
7 . n ~  

I .R 
3 . ?  

h . 2 
I, . P 
7.n 
4 . 1  
6.2 
7.R 

1 I I 7." 
I 1  

f l . R  
I) . R 

n. 7 5  fl. 7 
0 . 7 4 

n. 7 8  
2.7 

2 . 6  
2 . 5  

0.1: 

2.4 
1 . 7  
I .R3 

5 . 3  
5 .  

6 . 3  
3.7 
3 . 1  
3 .  I 9  
R .  I 
7.3 
6 . 1  
5 . 2  

4.2 
3.n? 
3 . 0  

11.7 
1 1 . 7  

7.7 
6 . 3  
1, . n 

'1.7 
11.7 

7.6 
11.7 

4.4 

I 38 
I 3 9  
1 '8 I I  
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RECTANGULAR PLATE WITA REIIIFORCED ROLE - STRESS ARD DISPLACEREIT  COIISTS. 

n o n m R  OF NODAL PoInTs = a 2  

N O l B E R  OF LOAD CASES = 1 
IIUfiBER OF ILEIIERT TYPES = 2 

R U l B E R  O? DES.  VARIABLES = U 3  

DESIGR CONTROL DATA 

NCICL = 10 

DELTA = O.25OOE-01 
KSCALE= 1 

LPSIL = 0.1OOOE 00  

O l E G A  = 0.80000 
KDISP = 1 

ALPA = 0.40000 

DESIGII VARIABLE IIIPOT DATL 

V A R I A B L E  I l I T I h L  lIll ALLOWABLE 
DESIGN 

WIIlBER 

1 

3 
2 

U 
5 

7 
6 

8 
9 

10 
11 

13 
12 

15 
1u 

16 
17 
1 A  
19 

21 
20 

22 
23 
2u 
25 
26 
27 
28 
2 9  

31 
30 

3 2  
33 
39 
35 

VALOE 

0.55001-01 
0.55001-01 
0.5500E-01 
0.55001-01 
0.5500E-01 

0.5500E-01 
0.55001-01 

0.5500E-01 
0.55008-01 
0.5500E-01 
0.5500E-01 

0.5500E-01 
0.55001-01 

0.53001-01 
0.55001-01 
0.55001-01 
0.5500E-01 
0.5500E-01 
0.5500E-01 
0.5500t-01 
0.55001-01 

0.55OOE-01 
0.55001-01 

0.55009-01 
0.5500E-01 

0.5500E-01 
0.55001-01 

0.55OOE-01 
0.5500E-01 
0.5500E-01 
0.55OOG-01 
0.55i)OE- 0 1 

0.5500B-01 
0.5500E-01 

0 . 5 5 0 0 ~ - 0 1  

(Input  data, 

V A L U E  

0.1000E-01 

0.1000E-01 
0.1000E-01 

0.1000E-01 
0.1000t-01 

0.10001-01 
0. 10008-01 

0.1OOOE-01 
0.1000E-l)l 

0.1000t-01 
0.1000E-01 

0.lOOOE-01 
0.1000E-01 

0.1000B-01 
0.10OOE-01 
0.1000e-01 
0.1000E-01 

0.1000E-01 
0 .  1000E-01 

0.1000t-01 
0.1000E-01 
0.1OOOE-01 
0.1000t-01 

0.1@00E-01 
0.1000E-01 

0.1000E-01 
0.1oooe-o1 
0.10001-01 
0.10001-01 

0.1000B-01 
0.1000E-01 

0.1009B-01 

0.1009E-01 
0.100@  e-0 1 

0.1oo9e-o1 

Computer Printout 

the   in i t ia l   des ign  and the  final  design  only  are  reproduced.) 

w 
w 
0 



36 0 .5500~-01  
37 0.52001-01 
38 0.21051-01 
39  0.2155E-01 

61 0.21451-01 

53  0.21451-01 

50 0.2145E-01 

52 O . Z I U S G - O I  

0.10001-01 
0.10001-01 
0.10001-01 
0 .1000t -01  

0.1000c-01 
0.1OOOE-01 

0.10001-01 
0.10001-01 

RODAL POIl lT   IHPOT  DITA 

HOD1 8 0 0 l l D L R T  CONDITTOW 
n u n a m  x 1 z xx  

1 0 1 - 1  - 1  
2 0 1 0 0  
3 0 1 0 0  
U O 1 0 0  
5 0 1 0 0  
6 0 1 0 0  
7 0 0 0 0  
8 0 0 0 0  

1 0 0 0 0 0  
9 0 0 0 0  

1 1 0 0 0 0  
12.  0 0 0 0 
1 3 0 0 0 0  

1 5 0 0 0 0  
1 4 0 0 0 0  

1 7 0 0 0 0  
1 6 0 0 0 0  

1 9 0 0 0 0  
1 8 0 0 0 0  

2 0 0 0 0 0  
2 1 0 0 0 0  

' 2 2  0 0 0 0 
2 3 0 0 0 0  
2 4 0 0 0 0  
2 5 O O O C  
2 6 0 0 0 0  
2 7 0 0 0 0  

2 9 0 0 0 0  
2 8 0 0 0 0  

3 0 0 0 0 0  
3 1 0 0 0 0  

3 3 0 0 0 0  
3 2 1 0 0 0  

3 5 0 0 0 0  
3 5 0 0 0 0  

3 6 0 0 0 0  
3 7 0 0 0 0  
3 8 1 0 0 0  

40 0 0 0 ,o 
39. 0 0 0 0 

4 1 1 0 0 0  
5 2 1 0 1 1  

CODES /----- 
11 zz 

- 1  - 1  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  
0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

0 0  
0 0  

1 1  

*-NODAL  POIllT COORDIHLTLS-- 
X 1 

0 .0  
0.500 

0.0 
0 . 0  

1.700 
2.700 

0.0 
0.0 

3.500 
3.900 

0.0 
0.0 

0.0 
0.500 

0.800 
0 .800  

2 .ROO 
1.800 0.800 

0.750 
3.600 
3.910 

0.700 
0.390 

3.980 
0 . 0  

0.780 
2.700 

0.700 
1 . 9 0 0  

2.600 
2.500 

3.000  2 .400 

U. 360 
1.700 

0 . 0  
1.830 
5.300 

0.800 
2 .500  U. 300 

5.00 0 

3.700  3 .700 
3.200 

5.560 
0 . 9  

3.190 
8 .100  

3.600 
1 .100   7 .300  

6;  100 

6 .100  
4 .700   5 .200  

4.200 
1.020 
7 .800  

3.820 

0 . 9  11.700 
3.900 

1 .800 
3.200 

11.700 

9 .800 
9.460 

6.200 
7 .700  

7.R00 
6.300 

4.800  11.100 
4.9(10 

6 .200  
7.800 

9.300 

7.800  11.700 
7 .400  

3 . ~ 0 0  

5 .700  

""" / 
z 

0.0 
0.0 0 

0 
0.0 0 
0.0 0 
0.0 
0.0 

0 
0 

0.0 0 
0.0 
0.0 

0 
0 

0.0 
0.0 

0 
0 

0.0 0 
0.0 0 
0.0 
0.0 

0 
0 

0.0 0 
0.0 0 
0.0 0 
0.0 0 
0.0 
0.0 

0 
0 

0.0 
0 . 0  0 

0 

0.0 0 
0.0 
0.0 

0 

0.0 
0 
0 

0.0 0 
0.0 
0.0 

0 

0.0 
0 

0.0 
0 
0 

0.0 0 
0.0 
0.0 0 

0 

0.0 0 
0.0 0 
0.0 0 
0.0 0 
0.0 0 
0.0 
0.0 

0 
0 

T 

0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

~~ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 . 0  
0 .0  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 



NODE BOONDART C O N D I T I O N  CODES /------ U O D A L  POINT  COORDTUATES"------ 
N O O B E R  X T 2 X X  T T  27. X T 

/ 
2 

1 0 1 - 1  - 1   - 1  - 1  0.0 
2 0 1 - 1  - 1  -1 - 1  

0.0 
0.500 

0.0 

3 0 1 - 1  -1  -1 - 1  
0.0 0.0 

1.700 0.0 
4 0 1 - 1  - 1  -1 - 1  

0.0 
2 . 1 0 0  0.0 

5 0 1 - 1  - 1  -1 - 1  
0.0 

3.500 0.0  0.0 

7 0 0 -1 -1 - 1  - 1  
3 .goo 0.0 
0.0 

0.0 
0.800 

e 0 0 - 1   - 1  - 1  - 1  0.500 
0.0 

9 0 0 - 1  -1  -1 -1 1.800 
O . A O O  0.0 

10 0 0 - 1  - 1  - 1  - 1  
0. R O O  0.0 

2 .PO0 
11 0 0 -1 -1 -1 -1 

0 . 1 5 0  
3.600 

0.0 
0.700 

12 0 0 - 1   - 1   - 1  - 1  3.910 0.3~10 
0.0 

13 0 0 -1 - 1   - 1   - 1  3.900 
0.0 

14 0 0 - 1  - 1  - 1  - 1  
0 . l R O  

0.0 
0.0 

15 0 0 -1  - 1   - 1  - 1  0.700 
2.700 0.0 

16 0 0 - 1   - 1  - 1   - 1  
2.600 

1.900 
0.0 

17 0 0 -1  - 1  -1 -1 
2.500 

3.000 
0.0 

2.400 
18 .  0 0 - 1  - 1  - 1  - 1  3 . B O O  

0.0 
1.700 

19 0 0 - 1  -1 - 1  - 1  4.360 
0.0 

20 0 0 - 1  - 1  - 1   - 1  0.0 
1. E30 0.0 

21 0 0 -1  -1 -1 -1 
5.300 0.0 

0 .BOO 
22 0 0 - 1  - 1  - 1   - 1  

5.000 0.0 

23 0 0 -1  -1 - 1   - 1  3.700 
4.300 0.0 

24 0 0 -1 - 1   - 1  - 1  
3.700 0.0 

4.700 
25 0 0 - 1  -1 -1 -1 

3.200 
5.560 

0.0 
3.190 

26 0 0 - 1   - 1  - 1  - 1  
0.0 

0.0 
27 0 0 -1 -1 - 1  - 1  

e. 100 0.0 
1.700 

28 0 0 -1  - 1  -1 -1 3.600 
0.0 

29 0 0 - 1  - 1  -1 - 1  4.700 
0.0 

30 0 0 - 1  - 1  - 1  - 1  6.100 
0.0 

31 0 0 -1 -1 -1  -1 7.020 
0.200 
3.820 

32 1 0 - 1   - 1  -1 - 1  
0.0 

7.R00 
33 0 0 -1 - 1  -1 - 1  

3.900 0.0 
0.0 11.100 0.0 
1 . R O O  11.700 

35 0 0 -1  -1 -1 - 1  
0.0 

36 0 0 - 1   - 1   - 1  - 1  
3.200 
0 .eo0 

37 0 0 -1 -1 -1 - 1  6.200 
7.700 0.0 

38 1 0 - 1  - 1  - 1  - 1  
6.300 0.0 

39 0 0 - 1  - 1  -1 - 1  
7 .eo9 4.900 0.0 

40 0 0 - 1  - 1  - 1  - 1  6.200 
0.0 

41 1 0 - 1   - 1  -1 - 1  
9.300 0.0 

4 2 1 0 1 1 1 1  7.fl00 
7.800  7.000 0.0 

6 0 1 - 1  - 1  - 1  - 1  

2.500 

7.300 
6 .  tno 
5 .  zoo 

0.0 

34 o n - 1   - 1   - 1   - 1  
9.000 0.0 

4. eo0 11.700 

11.700 0.0 

E O U A T I O N  NORBERS 

N X T Z X X  Y T  ZZ 
1 1 0 0 0 0 0  

3 3 0 0 0 0 0  
4 4 0 0 0 0 0  

6 6 0 0 0 0 0  
7 7 0 0 0 0 0  
e 9 1 0  0 0 0 0 

10 13 14 0 0 0 0 
9 1 1 1 2  0 0 0 0 

2 2 o o o o n  

s 5 o o o n o  

T 

0.0 
0.0 
O . @  - 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0 .,o 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 .0  

n. o 

z 
I- 

I- 
N 



12 
11 

13 
14  

1 6  
15 

17  
1 R  

2 0  
19 

2 1  

2 3  
22  

24 
25 

27  
26 

2 8  
29  
30 
3 1  
32 
33 

3 5  
34  

3 6  
3 7  
30  

4 0  
39 

4 1  
4 2  

17 
15 

2 1  
19 

2 5  
23  

27  
2 9 '  
3 1  
33  
3 5  
3 7  

1 1  
39 

4 3  
45 
47 
49 
5 1  

5 5  
0 

SR 
60 
6 2  
64  
66 

0 
69 
7 1  

0 
0 

53 ' 

16 

2 0  
10  

2 2  

26 
24 

2fl 
30 

3 u  
32 

3 6  

4 0  
3R 

4u  
4 6  
Ufl 

5 2  
50  

54  
S6 
57 
5 9  
6 1  
6 3  
6 5  
6 7  
6 8  
7 0  
7 2  
7 3  
7 4  

e 2  

0 0 0 0  
0 0 0 0  

0 0 0 0  

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  

0n00 



CONSTRUCTIOH CODE 
NURBEP  OF TRUSS ELEREUTS = 6  

= 1  
R O R B E R  OF RITERIALS = 1  
N U M R E R  OF TERPS FOR UllICA RATL PROPS G I V E N =  1 
NUMBER OF DIPrERENT GEORETRIES PROPS G I V E N =  1 

HITLRIAL PROPERTT CARDS 

MATERIAL NnMBER S P E C I F I C  
NUMBEP OF TERPS  UEIGAT 

YOUNGS COEFFT O? /--ALLOWABLE. STRESSES--/ 
TE MP RODllLUS  THERR EXPAN TENSION CORPRESSIOI 

1 1 0 . 1 0 0 0 F  00  0.0 0.lOOOE 07 

GEOHETPIC PROPERTY CARDS 

GEORETRT X-SECT /--ROHENTS OF INERTIL--/ 
R I I R B E R  AREA 11 zz 

I 0 . 2 1 4 5 D   0 1   0 . 1 0 0 0 1 :  0 7  0 . 1 0 0 0 E  07 

ELeneNT LOA0 RULTIPLIERS 

X - D T R  0.0 0.0  0.0 

2 - D T R  0.0 
T - D I P  0.0 0.0 0.0 

0.0 
TERP 0.0 

0.0 
0.0 0 . 0  

A B 

PROCESSED ELEMENT DATA 

LLERENT /-NODE NOS-/ /--ELEIIENT I D  NOS-/ 
NURBER I J MATL GEOMT D V h R  

1 
2 

6 
1 2   1 3  

1 2  1 1 3 0  
1 

3 
1 39 

4 
1 3  19 1 1 40 
19 

5 
2 5  

2 5  
1 1 4 1  

6 
31 

3 1   3 2  1 
1 1 42 

1 4 3  

0.0 

C 
0.0 

0 .0  
0 .0  

0 .0  

0.2500C 05 0 . 2 5 0 0 E  05 

D 

DESTGP V A R  
FRACTIOR 

0 . 1 0 0 0 E   0 1  
0 .1000E 01 

0 . 1 0 0 0 E  01  
0.1Or)OE 0 1  

0.1000E 01 
0 . 1 0 0 0 d   0 1  

REFERENCE ERD FIXITT  COEF?ICIERTS 
TEMP TI zz 

0.0 0.1000D 01 0 .1000D 01  
0.0 
0.0 0 .1000D  01   0 .1000D 01 

0.1000D  01 0.1000D 0 1  

0 . 0  0.1000D 01 0 . 1 0 0 0 D   0 1  
0.0 0. l O O O D  0 1  0. l O O O D  0 1  
0 .o 0.1000D 01   0 .1000D  01  

WIDTH 
BA UD 

13 
4 

1 4  
1 4  
1 9  

3 



NUMBEP OF M E M B R I N I  ELEREITS = 37 
CONSTRUCTION KODE = 2  
NOMREP OF  MATERIALS = 1  
I U O B E R  OF TIOPS FOR WRICA MATL PROPS G I I E I I =  1 

MATERIAL PROPBRTT  CARDS 

OATL HO OF SPECIFIC YOUNGS PoIssons COEFFT OF I----------- 
TEMPERITOPE MODULUS 

ALLOWABLE STRESSES----------- 
RATIO THERM IXPH 

/ 
N R R  TEMP HEIGHT rEnsIon ConPRessIon SHEAR 

1 1  0.1000E 00 ' 0.0 0.10001 07 0.2500E 00 0;O 0.2500E 05 0.2500F 05 0.0 

ELEOINT L O I D  FRICTIONS 

LOAD CASE  TEMPERATURE  PRESSURE X - D I R E C T I O N   T - D I R E C T I O U  2-DIRECTIOH 
A 
B 

0.0 -0.010 
0.0 0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

C 0.0 0.0 0.0 
0 .o 

0.0 
D 

0.0 
0.0 0.0 0.0 0.0  0.0 

PROCESSED ELEHEHT DATA 

ELEOT/------- 
H U H R R  I J K L RIT D I  FRACTIOH 

IODES------//-ID NOS-/ DES V I R  REPEREIICE 
TEMP 

PRNT B A U D  
PRESSOR1 BETA CODE WDTH 

1 
2 
3 
9 

6 
5 

7 
8 

10 
9 

12 
1 1  

13 
14 ' 

15 
16 
17 

19 
18 

20 
21 
22 
23 
24 
25 
26 

28 
27 

29 
30 
31 

3 3  
32 

1 
2 

4 
3 

11 
5 

1 
8 

10 
9 

1 3  
11 

15 
19 

17  
16 

1 9  
18 

2 1  
20 

23 
22 

24 
25  
39 
26 
21 
28 
29 
30 
3 1  
39 
35 

2 
3 

5 
0 

12 
6 

8 

10 
9 

1 1  

19 
1 3  

16  
15  

17  
1 e 
25  
19 

21 
22 
23 
24 

31 
25 

33  
27 

29 
28 

30 
31 

3u 
32 

36 

8 7 1 1  
9 8 1 2  

1 0 9 1 3  
1 1  1') 1 rc 
1 3  13 1 6 
12 11 1 5 

16 15 1 8 
15 14 1 7 

17 16 1 9 
18 17 1  10 

18 1n 1  12 
18 18 1  11 

21 21) 1  13 
22 21 1 1 4  
2 3  22 1  15 
24 23 1  16 
20 24 1 1 7  
20 24 1  18 
27 26 1  19 
28 27 1  20 
29 29 1  21 
30 29 1 22 
30 30 1  23 

26 26 1 25 
30 30 1 24 

35 34 1 26 

37 35 1 2A 
36  35  1  27 

38 37 1 29 
38 38 1 30 
38 38 1  31 

9 0  39 1  33 
35 35 1 32 

0. l O O O E  01 0.0 
0.1000E 01 0.0 

0.1000E 01 0.0 
0.10001 01 0.0 

0.10001 01 0.0 
0 . 1 0 0 0 1  01 0.0 

0.1000E 01 0.0 
0.10001 01 0.0 

0.1000E 01 0.0 
0.1000E 01 0.0 

0.10001 01 0.0 
0.100CE Dl 0.0 

0.1OOOE 01 0.0 
0.1OOOE 01 0.0 

0 . 1 0 0 0 1  01 0.0 
0.1000E 01 0.0 

0.10001 01 0.0 
0 .10001 01 0.0 

0.10031 01 0.0 
0.10cc3 01 0.0 

C.lCO0R 01 0.0 
0.10COE 01 0.0 
O.1OCCB 01 0.0 
0. lOOOE 01 0.0 
0.1000E 01 0.0 
0.10001 01 0.0 

0.1000B 01 0.0 
C.1000E 01 0.0 

0.1000E 01 0.0 
0.10001 01 0 .0  
0.1COOE 01 0.9 

o.1ooor 01 0.0 

o.1oooe 01 0 .0  

0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0 . 0  

0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

0.25000  05 0.0 
0.0 

0.0 
0.0 0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 0.0 
0 . 0  
o.2sood 05 0.0 

0.0 

0.0 0.0 

3 I 1  
3 10 

3  12 
3 13 
3  14 
3 6  
3  18 
3 18 
3 18 
3 18 
3 16 
3  14 
3  16 
3  16 

3 16 
3 16 

3 1 u  
3  19 

3 16 
3 16 

3  16 
3 16 

3  19 
3 14 
3  17 
3 19 

3 19 
3  19 

3 18 
3  16 
3 1 u  
3  11 
3  11 



34 36 37 41 40 1 34 0.1000E 01 0.0 
35 37 39 41 41 1 35 0 . 1 ' J O O E  01 0.0 
36 92 39 UO UCI 1 36 0.1000E 01 0.0 
37 40 41 92 42 1 37 0 , l O O O E  01 0.0 

0.0 
0.0 

0.0 
0.0 

0.2500D 05 0.0 
0.0 0.0 

3 10 
3 8  
3 6  
3 4  

LOAD C A S E  
S T R D C T U R E   S T R O C T O R E   L O l D   O O L T I P L I E R S  

A n C D 

1 1.000 0.0 0.0 0.0 

NODAL  DISPLACEflEIIT/ROTATION  CONSTRAINTS 

RODE L O A D / - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   O A X . A L L O l l B L E   D I S P L A C E R E N T S   L I D   R O T A T I O N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
NO. CASE DX DT DZ R K  R T  RZ -DX -DT -DZ -RX - R ?  -RZ 

/ 

6 1 0.03410 0.0 0.0 0.0 0.0 0.0 -0.039 10 0.0 
32 1 0.0 0.03410 0.0 0.0 0.0 0.0 0.0 -0.03410 0 . 0 .  0.0 

0.0 0.0 0.0 0.0 
0.0  0.0 

NODAL POINT  LOADS 

RODE LOAD 
NO. C A S E  R X  R T  

A P P L I E D  LOADS 
R Z  

T O T I L  AOHBER OF EOOATIONS = 74 
BANDWIDTH = 19 
NDRBER OF EQDATIORS I N  A BLOCK = 47 
A O O B E R  O? BLOCKS = 2  

nx OZ 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ANALIS IS  OF DESIGN YUHBER 0 

NODlL DISPLACEMERTS AND RQTATIONS 

NODE LOAD 

42 

41 

40 

39 

38 

37 

36 

35 

30 

33 

32 

31 

30 

29 

28 

27 

26 

25 

20 

23 

22 

21 

20 

19 

18 

17 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

X 

0.0 

0.0 

-2.878E-04 

-0.9151-03 

0.0 

1.088E-03 

1.2131-03 

6.326E-04 

-4.914E-03 

-2.869E-03 

0.0 

4.052E-03 

5.03OC-03 

5.8671-03 

5.7373-03 

5.960E-03 

7.2583-03 

1.4173-02 

1.600E- 02 

1.5591-02 

1.587E-02 

1.595E-02 

1 -552E-02 

2.R12C-02 

3.001E-02 

2.657E-02 

T 

R.6UfiE-02 

7.OR2E-02 

7.563E-02 

R .  134E-02 

6.7123-02 

6.581E-02 

6.U12E-02 

6.5161-02 

6.9861-02 

6.U21E-02 

6.5U8E-02 

6.414E-02 

5.9663-02 

5.2493-02 

5.0293-02 

4.721E-02 

0.696E-02 

5.178E-02 

4.1RlE-02 

3.580E-02 

3.258E-02 

2.901E-02 

2.6663-02 

2.8U9E-02 

2.092E-02 

2.10AE-02 

0.0 

0.0 

0 . 0  

9.0 

0.0 

0.0 

0.0 

0 . 0  

9.0  

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

9.0 

0.0 

0.0 

7.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

1. 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.P 

0.P 

x x  

0 . 0  

0 . 0  

0.0 

0.0 

0 .0  

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TT 22 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0 .0  

0.0 

0 .0  

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0 . 0  

0 . 0  

0.0 



16 

15 

10 

1 3  

12  

11 

10 

9 

R 

7 

6 

5 

4 

3 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2.837E-02 

2.964E-02 

3.017E-02 

3.997E-02 

3.722E-02 

3.597E-02 

3.678E-02 

3.712E-02 

3.843E-02 

3.884E-02 

3.675E-02 

3.785E-02 

3.8011-02 

3.868E-02 

3.942B-02 

3 . 9 8 5 ~ 0 2  

1.701E-02 

1.280E-02 

1.017E-02 

1.224E-02 

5.331E-03 

8.326E-03 

6.5091-03 

5.166E-03 

3.3052-03 

1.875E-03 

0 . 0  

0.0 

0 . 0  

0 . 0  

0.0 

0 . 0  

TALUES 01 DESIGN  VARIABLES 

1 2 

0 . 0  

0 .0  

0 . 0  

0.0 

0.0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0.0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

3 

10  0.5500E-01 0.55001-01 0.5500E-01 
0 0.5500E-01 0.55OOE-01 0.5500E-01 

20 0.5500E-01 0.55001-01 0.5500E-01 
30  0.5500E-01 0.5500E-01 0.5500E-01 
40 0,21451-01 0.21453-01 0.2145E-01 

ANALTSIS or TRUSS ELenEnrs. consTnn CODE= 1 

ELLRENT  X-SECT AREA LOAD CORD A X I A L  FORCE 

1  0.2145E-01 
2  0.2145E-01 

1 
1  0.3113E 03 

0.33hqE 0 3  

9 0.21451-01 
3  0.2195E-01 1 

1  0.97338 0 2  
O.2ORAE 0 3  

6 0.21451-01  1  -0.1065E  03 
-0.5920E 02 5 0.21451-01 1 

0 . 0  0.0 

0.0 0 .0  

0 . 0  0 .0  

0.0 0 . 0  

0 . 0  0 .0  

0 . 0  0 .0  

0.0  0.0 

0.0 0.0 

0 . 0  0.0  

0 . 0  0.0 

0 . 0  0.0 

0 . 0  0 .0  

0.0 0 .0  

0.0 0 .0  

0 .o 0.0 

0 . 0  0 .0  

0 . 0  

0 . 0  

0.0 , 

0 .0  

0 . 0  

0 . 0  

0.0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 .0  

0 . 0  

4 5 6 7 8 9  10 

0.5500E-01 0.55OOE-01 0.5500E-01 0.5500E-01 0.5500E-01 0.5500E-01 0.5500E-01 
0.5500E-01 0.5500E-01 0.5500E-01 0.55COE-01 0.5500L-01 0.55OOE-01 0.55OOE-01 
0.5500E-01 0.5500E-01 0.5500E-01 0.5500E-01 0.SSOOE-01 0.55OOE-01 0.5500E-01 
0.5500E-01 0.5500E-01 0.55OOE-01 0.55001-01 0.2.1458-01 0.2145C-01. 0.2145E-01 

ANALYSIS OF REMBRANE ELERERTS,  CONSTRR CODE= 2 



CLElENT 

1 
2 

0 
3 

5 
6 
7 
8 

10 
9 

11 
12 
1 3  
14 
15 

17 
16 

18 

20 
19 

22 
21 

24 
23 

25 
26 
27 
28 
29 
30 
31 
32 
33 
3u 
35 
36 
37 

TRICKNCSS 
SREGT 

0.55OOC-0 1 
0.55001-01 
0.55OOC-0 1. 
0.55003-0 1 
0.5500E-01 
0.5500E-01 
0.5500C-01 
0.55OOC-01 
0.55OOC-0 1 
0.5500E-0  1 
0.5500E-0 1 
0.5500E-01 
0.5500E-01 
0.SSOOC-0 1 
0.5500E-01 
0.55001-01 
0.55001-01 

0.55OOC-01 
0.5500E-0 1 

0.5500C-01 
0.55OOC-01 
0.55003-01 
0.5500E-01 
0.55OOC-0 1 
0.55OOE-0 1 
0.5500E-0  1 
0.5500E-01 
0.55001-0 1 
0.55OOC-01 

0.5500E-01 
0.5500E-01 

0.55OOC-0 1 
0.55001-0  1 
0.55OOC-0 1 
0.5500E-01 
0.5500.E-0 1 
0.55OOC-0 1 

LOAD 
CORD 

1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 

1 
1 

.l 
1 
1 
1 

1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

.1 
1 
1 
1 
1 
1 
1 
1 
1 

LOCATION 
/ - - -I!ERRRAllE FORCES IN LOCAL COORDS---//--nEnBRANE  FORCES IN OATCRIAL COORDS-/ 

N X X  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EVALUATION or DESICW n u n e m  o 

CEN 
CEA 
CEU 
CCN 
CEN 
CEN 
CEN 
CEN 
CEN 
CEN 
CEN 

CEN 
CEN 

CEN 
CEN 

CER 
CEH 

CEN 
CCN 

CEN 
CEN 

CEU 
CER 

CEN 
CEN 

CEN 
CEN 

CEll 
CEN 

CCN 
CEN 

CEN 
ccw 
CEN 
CEN 

CEU 
ccn 

nAx 
STRCSS RATIO LCAD COND 

nI N 0.18183 00 
0.62821 00 1 

0 

M A X  DISP RATIOS LOAD CORD 

0.1078E 01 
0.1920C 0 1 1 

1 

-0.1910E  01 
0.2901G  02 

0.1074E  03 
0.76658 02 

0.1634E  03 
0.4761E  03 

-0.6145E 00 

0.34861 02 
O.lU03E 02 

0.74513 02 
0.1216E 0 3  

0.13201  02 
0.6502E  03 

-0.15278 02 
-0. 49698  02 

0.1312E 0 3  
0.6864E 02 
0.26703 0 3  
0.3097E  02 
0.73991 0 0  

-0.327213 02 
-0.99361  02 
-0.1090E  03 
-0.1199E  03 

0.36093  01 
0.4011E 0 2  

-0.77561  01 
0.1701E  02 

-0.74368  02 
-0.1750E  03 
-0.270AE 03 

O.64llE  02 
0.10488.03 
0.5720E  02 

-0.2292E  02 
0.14568  03 
0.1245E  03 

DES V'IRIABLP 
38 

1 

EQN N U R B E R  

57 
6 

1 x 1  111 w22 A12 

0.1776E 0 3  
0.2959E 03 
0.0273E 0 3  
0.5786E 0 3  
0.74963  03 
0.u737E  03 
0.25323  03 
0.32631  03 
0.41933  03 
0.533UE 03 
0.5809E 03 

0.3439E 0 3  
0.0867C  02 

0.3611E 03 
0.3900E  03 
0.2431E 03 
0.32383  03 
0.69713 02 
0.33981: 0 3  
0.30128  03 
.0.2869E  03 
0.2579E  03 
0.6321E  02 
0.1277E 03 
0.2644E 03  
0.2525E 03. 

0.21158  03 
0.2612E 0 3  

-0.0039E  02 
0.1191E 0 3  

0.93A8E 01 
0.2565G 03 
0.1R06C 0 3  

0.8165E  02 
0.1496E 03 

0.1555E 03 
0.2220E  03 

-0.1749E  02 
0.3921E  01 

-0.1916E  02 
-0.132UE 02 

-0.3588E 03 
0.2219E  02 

-0.1955E 02 
-0.4935E  02 
-0.7257E  02 
-0.3932E  02 

0.15653  03 
.0.1061E 03 

-0.61971 02 

-0.6121E 02 
-0.6?22E  02 

-.0.2283E 03 
O.lD73E 03 
0.1884E 03 

-0.1117E  03 

-0.1305E 03 
-0.1100E 03 

-0.1003E  03 
0.8931E 02 

0.72171 01 
0.13773-03 

-0.87553 02 
-0.98212 02 

-0.7791E  02 
-0.1143E  03 

0.12783  02 

. 0.3108t 02 
0.6390E 02 

.-0.1052E 03 
-0.8187E.  02 

0.1615G  02 
-0.7986E  02 

-0.a095c 02 

-0.1910E  01 
0.2901E  02 
0.7665C .02 

. 0.163UE 03 
0,1079R 03.  

0.47611  03 
-0.61456 0 0  

0.3486E  02 
0.14033  02 

0.7451E  02 
0.12161  03 
0.6502C  03. 
0.1320E  02 

-.O. 1527E 02 
-0.4969E  02 

0.13121 OS 
0.6864E 02 
0.26703 03. 
0.3097E  02 
0.7 399E 00. 

-0.3272E  02. 
-0.9936E  02 
-0.1090E 03 
-0.1199E 03. 

0.3609E  01 
0.4011c  02 
0.1701E  02 

-0.7436L 02. 

-0.2708C 03 
-0.17501  03 

0-.6411E  02 
0.1048E 03 
0.57293  02 

-0.22923 02 

0.1245C 03 
0.1456C 03 

-0.77561  01 

0.1776C 0 3  
0.2959% 0 3 .  
0.4273E  03 
0.5786C 0.3 
0.74963  03 

. O .  3263E 0 3  - 
0.2532P 0 3 .  

O.Ul93E 0 3  
0.5334E 0 3  
0.5809E 0 3  
0.48671.0; 
0.3439E 0 3  
0.3611R 0 3  
O..39OOE 0 3  
0.24311  03 
0.3238E 0 3  
0.69718  02 
0.339UE 0.3 
0.3012E 0 3  
0.2R69E-0.3 
0.2579E 03  
O.-6321E 02  
0,12773  -03 

..0.2644C- 0 3  
0.2525R-03 
0.2612E-03 
0.21 15C.03 

-0.9039E  02 
0.1191E- 0 3  

0;9388C. 0 1  
0.2565C- 0 3  
0.18463 0 3  
0.1596C 0 3 .  

.0.2220E 0 3  - 
0.8165E 0 2  

0 . 1 5 5 5 1  0 3  

0.9737c  03 

-.O. 1709E 02 
0.39211  01 

-0.1916C  02 
-0.13241  02 

. .0.2219E 02 
-0.358flE . 0 3  

. -0.1955E 02. 
-0.49353  -02 
-0.72571: 02 
-0.3932P: 0 2  

0.15651  03 

-0.61971 02 
O.lO6lE  03 

-0.6122E.02 
..-0.6121E 02 
-0-.2283E 03 

O.1473E 0 3  
0.1884E 03 

-0.1100E 0 3  
-0.1117E.03 

-0.1305C 0 3  

.0.13771.03 
.0.89311- 02 

-0.8755E 02 
-0.7217C 01 

-0.11031 0 3  
-O..982lE ,02 

-0.7791E.02 
. 0.127R1'02 

0.639UE .02 
.0.3.10BE 02 

.-0.81871  02 
-0..-1052G 0 3  

...- 0.0095E 02 
0 . 1 6 1 5 2  02 

. -0.79861 02 

- 0 . 1 a 0 3 ~ ~ 0 3  

WNIFORR SCLLINC OPERATION FOLLOWS 



SCALE  FACTOR I S  1.920AND DETERHIAED BY DISPLACEHENT  CONSTRAINTS 

DESIGN  VARIABLES OF SCALED (CRITICAL) D E S I G A  ARE 

VALUES  OP  DESIGN  VARIABLES 

1 2 3 4 5 6  7 8 9  10 

10 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.10568 00 0.1056E 00 0.10563 00 0.1056E 00 
0 0.1056E 00 P.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1C56E 00 

30 0.1056E 00 O.lO56E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.4119E-01  0.4119E-01  O.Ul19E-01 
20 0.1056E 00 0.1056E 00 O.lO56E 00 0.1056E 00 0.1056E 00 0.1056E 00 0.1056E 00 .O. 1056B 00 0.10568 00 0.1056E 00 

40 0.4119E-01 0.4119E-01  0.9119E-01 

STRUCTURAL WEIGtlT= 0.8656E 00 

REDESIGN  OPERATION  POLLOWS 

O P T I R A L I T I  I N D E X  OP  DESIGN  VARIABLES FOR DISPT. CONSTRAINTS 

DV' NO ACT/PAS 

1 ACT 
2 ACT 
3 
U ACT 

ACT 

5 
6 

ACT 

7 
ACT 
ACT 

8 
9 

ACT 
ACT 

10 ACT 
11 
12 

ACT 
ACT 

1 3  ACT 
14 
1 5  

ACT 
ACT 

16 
17 

ACT 
ACT 

19  
18 ACT 

ACT 
20 LCT 
21 
22 

ACT 

23 
ACT 
ACT 

25 
24 ACT 

26 
ACT 
ACT 

27 
28 ACT 

ACT 

29 
30 

ACT 
ACT 

31 ACT 
32 ACT 
33 ACT 

I N D E X  

0.7972OE-01 
-0.16619E 00  
-0.72560E 0 0  
-0.16397E  01 
-0.26648E  01 
-C.  36002E 0 1  
-0. 16437E-0  1 
-0.30552B 00 
-0.76658E 0 0  
-0. 138211  01 

-0.258278  01 
-0.210258  01 

-0. 47191E 00  
-0.35492E 00  

-0.73730E 00  
-0.958481 00  

-0.877083 0 0  
-0.89799E 00  

-0. UO82OE 0 0  
-0.41774E 00  
-0.60940E 00  
-0.71355E 00 

-0.50710E 00  
-0.22433E 0 0  

-0.570621-01 
-0.11658E 00 

-0.34672E 00 
-C. 27831E 0 0  

-0.24949E 00  
-0.57441E 00  

- C .  592K6E-01 
-0.14073E 0 1 

-0.66906E-01 
10 
0 



34 
35 
36 
37 
38 
39 

91 
40 

42 
43 

ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 

0.2291lE-01 
0. lu5F10E 00 

0.81451E-01 
-0.U3053E 01 

-0.24801E 01 
-0.36766E 0 1 

-0.52199E 00 
-0.95278E-01 
-0.51752E 00 

- 0 . 1 0 4 3 6 ~  0 0  

NO. OF  ACTIVE  DISPLACEflERT  COHSTRAIITS ARC 1 



*.*.+**+*.++....++..********** 
I I I A L T S I S  01 D E S I G N  NnHBER 7 
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N O D A L   D I S P L I C E R E W P S   A N D   R O T A T I O H S  

*ODE  LOAD 

9 2  

91 

so 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

X 

0.0 

0.0 

6,9383-03 

1.1553-02 

0.0 

6 .  Q67E-03 

1.091E-02 

2.521E-02 

3.29~~-02 

4.1622-02 

0.C 

1.2112-03 

9.9 10E-04 

6.7691-03 

1.320E-02 

2.772E-02 

4.175E-02 

3.169E-03 

3.788E-03 

5.68OE-03 

9.415E-03 

1.429E-02 

1.607E-02 

5.537E-03 

6.4123-03 

6.275E-03 

T 

1.7202-01 

7,5542-02 

1.1186-01 

1.5891-01 

3.551E-92 

5.3292-02 

5.8562-02 

1.OZlE-01 

1.581E-01 

1.58OI-01 

3.Q121-02 

3.247E-02 

2.8591-02 

2.916E-02 

3.8683-02 

6.0792-02 

8 .  ~ n t - 0 2  

2.337E-02 

1.914E-02 

2.1301-02 

2.953E-02 

5.180E-02 

5.951E-02 

1.125E-02 

9.995E-03 

1.569E-02 

z 
0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0 . 0  

0 .0  

0.0 

0 . 9  

0.a 

0.9 

0.0 

0.0 

0 .0  

xx  

0 .0 

0.0 

0 . 0  

0.0 

0 .o 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0 .0  

0 .0 

0.0 

0.0 

rJ.0 

0.0 

0.P 

1 T  

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

22 

0.0 

0 . 0  

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0 . 0  

0.0 

0.0 

0 .0 

0.0 

0.0 

0.0 

0.0 

0.0 



16  

1 5  

10 

1 3  

12 

1 1  

10 

9 

8 

7 

6 

5 

0 

3 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

6.2531-03 

8.101t-03 

1.0761'-  02 

8.198C-03 

8.7061-03 

8.62OC-03 

n . 6 0 1 ~ - 0 3  

9.2901-03 

1.246C-02 

1.3521-02 

1.1201-02 

1.0201-02 

9.182E-03 

1.067C-02 

1.241c-02 

1.382E-02 

2.5011-02 

2.8001-02 

2.8661-02 

0.3571-03 

1.9173-03 

6.153E-03 

6.984C-03 

7,0201-03 

8.229E-  03 

7.559C-03 

0 . 0  

3.0 

0 .0  

0 . 0  

0.0 

0 .0  

VALUES O? DESIGII  VARIABLES 

1  2 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

0 0.10001-01 0.1003E-01 0.1000E-01 
10 0.10251 00 O.llR7E 00 0.10001-01 
20 0.5905E-01 0.9786E-01 0.286913-01 
30  0.2000E 00 O.12lRE-01 0.1059E-01 
00 O.2A911-01 0.10001-01 0.10001-01 

0.0 

0.0 

0.0 

- 0 . 0  

0 . 0  

0 .0  

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0 . 0  

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

4 5  6  7 8 '  9 10  

0. IOOOE-01  0.5216~-01  0.63541 00  0. IOOOE-01 O.IOOOE-OI 0 . 1 0 3 9 ~ - 0 1   o . n 6 7 9 ~ - 0 1  
0.2338E-01 0.6573E-01 0.1121E 00 0.1782E 00 0.1663E 00 0.24461-01 0.3276E-01 
0.73501-01 0.1302E-01 0.1OOOC-01 0.1691C-C1 0.31531-01 0.1OOOE-01 0.13323 00 
0.1000E-01 0.19OOE-01 0.1000E-01 0.1OOOC-01 0.27953 00 0.1590E 00 0 .  1OO7E 00 

ANALYSIS OF TRhSS ELCOEIITS, COIISTRH CODE= 1 

ELRNCNT X-SECT ARFL LORD COND AXIAL ?ORCE 

1  0.2795E 00 '  
2  0.1590C 00 1 

1  0.1515E 04 

3  0.1007E 00 
0.8292E 0 3  

0 0.2891E-01 
1 
1  0.1199E  03 

0.5229E 03 

5 0.lOdOE-01 
6  0.10001-01 

1  0.113RE 0 2  
1  -0.1322E C2 

ANALYSIS O? NEIBRAIIE ELENENTS,  COHSTRN CODE= 



ELEHENT 

2 
1 

3 
4 
5 
6 

8 
7 

9 
10 
11  
12 
1 3  
14 
1 5  
16 

18  
17 

20 
19 

21 
2 2  
23 
2 4  

26 
25 

27 
2 8  
29 
30 

32 
31 

34 
33 

35 
36 
37 

THICKNESS 
SHEET 

0.1OOOE-01 
0.1000E-01 
0.1000E-01 
0.1OOOE-0 1 
0.5216E-01 
0.63593 00 

0.1000E-01 
0.1000E-01 

0,10393-01 
0.8679E-01 
0.1425E 00  
0.41878 00  
0.1000E-01 
0.2338E-01 
0.6573E-01 
0.1121E 0 0  
0.17B2E 00  
0.1663E 0 0  
0.2446E-01 
0.32761-01 
0. S905E-0  1 
0.97861-0  1 
0.2869E-01 
0.7350E-01 
0.1302E-01 
0.1@00E-0  1 
0.1691E-01 
0.3153E-01 
0.10001-01 

0.2400E 00  
0.1218E-01 
0.1059E-01 
0.1OOOE-01 

0.1000E-01 
0.1000E-01 

0.lOOOE-01 

0 . 1 3 3 2 ~  o a  

com LOCATION 
LO1 D / 

1 
1 

CEN 

1 
CE N 

1 
CEN 
CE I 

1 CER 
1 C E N  
1 
1 

CEN 

1 
CE I 

1 
CEN 

1 
CEN 

1 CE N 
1 
1 

CEA 

1 
CEN 

1 
C E I  

1 
CEN 

1 
CE I 

1 
Cell 

1 
CEN 

1 
CE I 

1 
CEN 

1 
CE A 

1 
CER 

1 
C B N  
CEW 

1 
1 C E N  

CEN 
1 
1 

CE N 
C B N  

1 
1 CE N 

1 
1 

CE R 

1 
CEN 

1 
CE N 
C E I  

1 
1 

CE N 
C E R  

cen 

cen 

“--HEnBRANE P 
NXX 

-0.lOBlE 00 
0.4329E  01 
0.13991 02 
0.2740E  02 
0.6186E 02 
0.2710E 04 

-0 ,253lE  01 
0 .55411  01  
0.21C7E  02 

. 0.5742E  02 
0.9475E  02 

0.8854E  01 
0.21R4E 04 

0.1195E  02 
0.38463 02 
0.37693  03 
0.8799E 02 

0.3091E 02 
0.72COE 03 

0.486RE 02 
O.493OE 02 

-0.1005E  03 
-0.421RE  01 

0.1031E  03 
0.146flE 00  

0.7674E 02 
0.4970E 02 

0.699RE 02 

-0.1498E  03 
0.24A3E  02 

-0.26913  03 
-0.1321E 02 

0.1244E  03 
0.7477E 02 
0.57663  02 

0.1231E  03 
0.18lOE C2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EVALULTION OF DESIGN N U H R F , R  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STRESS R A T I O  LOAD COND DES VARIABLE 

HIA 
nA x 0.1009C 01  1 3 3  

0.87851-01  1 30 

H A X  DISP RATIOS LOAD COND EQN N O H B E R  

0 .10001  01 1 
0.3285E 00  

57 
1  6 

‘ORCES IH LOCIL COORDS---//- 
NTT NXT 

0.9865E 0 2  
0.9909E 0 2  
0.96418  02 
O.8576E 0 2  
0.32091  03 
0.13338 04 

O.11OZE 0 3  
0.1094E 03 

O.fl936E 02 
0.4922E  03 
0.77373 0 3  
0.37513 03 
0.1089E 0 3  

0.3460E 03 
0.174 1E 0 3  

0.3410E 0 3  
0.8042E  03 

0 .18231  03  
0.1205E 0 3  

0.2036R 0 3  
0.3103E  03 
0.459UE 0 3  
0.72261 0 2  
0.78021 0 2  
0.2506E 0 3  
0.1706E 0 3  

0.3019E  03 
0.2174E 0 3  

0.1044E 0 3  
0.86233  02 
0.213213 0 3  
0.295113 0 3  
0.1440E 0 3  
0.1369E  03 
O.lOl9E 03 
0.2269E  03 
O.1181E 0 3  

-0.3600E  01 
0.2051E  01 

-0.3956E 0 1  
-0. 12373 02 
-0.839OE 0 2  
-0.1574E 04 
-0.2911E  01 
-0.1111E 02 
-0.2723E  02 

-0.4189E  01 
-0.1979E  03 

0.6696E  03 
-0.160 lE 0 2  
-0.5163E 02 
-0.15321  03 
-0.3335E  03 

0.31223 03 
0.3147E 03 

-0.1233E  03 
-0.1812E 03 
-0.1462E 03 

0.3576E  02 

0.2924E 00 
0.1297E 03 

-0.95028  02 
-0.1512E 0 3  
-0.1605E 03 
-0.43591 02 

-0.3402E  01 
0.2418E  03 

-0.1329E  03 
-0.9246B 02 
-0.7796B 02 

0.1607E 02 
-0.1082E  03 

- 0 . 9 2 1 ~ e  0 2  

o.119ue  03 

. -HEHBRARE FORCES IN HATER1 
N11 . N22 

-0. l O B l E  00 
@.9328E  01 
0.13991 02 
0.27UOE 02 
0.6186E  02 
0.2710E 04 

-0.253 1E 01 
0.5541E  01 
0.2107E 0 2  
0.9475E  02 
0.5742E  02 
0.2184E 04 
0.885UE  01 
0.11951 0 2  
0.3846E 02 
0.37601  03 
0.87991 02 
0.72008  03 
0.3091E 02 

-0.1005E 03 
0.4930E  02 

-0.4218E  01 
0.1031E  03 
0.14681 00‘ 
0.4970E 02 
0.7674E 02 
0.69981 02 
0.2983E 02 

-0.2641E  03 
-0.1321E 02 

0.12441  03 

0.5766E 02 
0.7477t  0 2  

0.1231E  03 
O.lR1OE 02 

o . u e m c  02 

-0.1  99ee  03 

0.9865E  02 
0.99091 0 2  
0.9641E 0 2  
0.8576E 0 2  
0.3209E 0 3  
0.1333E 04 
0.1094E  03 
0.1102E  03 
0.8936E  02 
0.4922E 03 
0.7737E 03 
0.3751E  03 
0.1089E  03 
0.1741E 0 3  
0.34603 03 
0.3410E  03 

0. 1205E 03 
0.80421  03 

0.1823E 03 
0.2036E  03 
0.3183E  03 
0.459UE 03 
0.72261 02 
0.7802E 0 2  

0.1706E 03 
0.25061  03 

0.2174E 03 
0.3019E  03 
0.104UE 0 3  
O.fl623B 02 
0.21321  03 
0.2951E  03 

0.13691  03 
0.1019E 0 3  
0.22hUE 0 3  
0.11fllE  03 

0.1uuoe  03 

F1L COORDS-/ 
N12 

-0.3600E  01 
0.2051E  01 

-0.395613 01 
-0.1237E  02 
-0.8390E  02 
-0.157UE 04 
-0.2911E  01 
-0.1111E 0 2  
-0.2723E 0 2  

-0.4189E  01 
-0.1979E  03 

0.6696E 03 
-0.1601E  02 
-0.51633 0 2  
-0.1532E 0 3  
-0.333SE  03 

0.3147E 0 3  
0.31221 03 

-0.9206E  02 

-0.1812E 0 3  
-0.12331  03 

-0.1962E  03 
0.3576E  02 
0.12971  03 
O.2924E 00 

-0.1512E 0 3  
-0.9502E 0 2  

-0.1605E  03 
-0.435.91  02 

O.1194E 03 

-0.3402E  01 
0.2418E 0 3  

-0.13291  03 

-0.77963 0 2  
0.16071 02 

-0.1082E  03 

-0.qzu6e 0 2  

DESIGN I S  C R I T I C A L  z 



STRUCTURAL WEIGHT= 0.27598 00 

RCDESIGII OPERATIOW POLLOUS 

OPTIFILLIT1  INDEX O P  DESIGN  VARIABLES FOR DISPT. COMSTRAINTS 

D I  10 ACT/PAS 

1 

3 
2 

2 
5 

7 
6 

8 
9 

11  
lr) 

13  
12 

11 
1 5  

17 
16 

18 

20 
19 

21 
22 
23 

25 
22 

27 
26 

29 
28 

31 
30 

32 
33 
31 
35 

31 
36 

39 
3R 

10 
11  

43 
02 

PASS 
PASS 
PASS 
PASS 
ACT 
ACT 

PASS 
PASS 
ACT 
ACT 
ACT 

ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 
ACT 

ACT 
A CT 

ACT 
ACT 
PASS 
ACT 
ACT 

PAS s 
PASS 
PASS 
PASS 
ACT 
A C T  
ACT 
ACT 

pmss 

erss 

p n s s  

pnss 

P m s s  

p n s s  
pnss 

IWDEX 

0.96669E  01 
0.27509E  01 
0.202461 0 1  

-0.61372E 00 
0.101241  01 

F. 318211  01 
0.213671 0 1  

-0.997311 00  
-0.137821 00  

-0.9  1146E 00  
-0.10R65E 0 1  

-0.91557G 00 
-0.628921 00  

-0.10167E 0 1  
-0.103A4t 0 1 

-0.992888 00  
-0.101531  01 

-0.102451  01 
-0.97199E 00  

-0.909R3E 00  
-0.923911 00  
-0.98679E 00 

-0.96643G 00  
-0.96531Y 0 0  

-0.10263B 0 1  
-0.966631 0 0  

0.241721 01  

-0.99558F 00 
0.918371  00 
0.58773E 00  
0.17759E  01 
0.126651 0 2  

0.307101  01 
0.2522313 0 1  

-0. 10281E 0 1  

-0.92939E 00 
-0.939581 00  

-0.9 1 4 5 6 1  0 0  
-0.30707E-01 
-0 .272621  0 0  

-0 .11 r e b e  01 

-0. 992aqr  00  

- 0 .  1omaE 01 

110. OF ACTIVE  DISPLACrnEMT  COHSTRAIWTS A R E  1 
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0. SHEAR PANEL ELEMENTS 

0.1 Shear Lag Problem 

Y \1, Figure  0.1.1 

Shear Lag Problem 

Figure  0.1.1 shows a composite tension member consis t ing o f  

bars  and shear  panels.  The transverse  bars,   such as DE, carry no 

s t r e s s ;   t h e i r   s o l e   f u n c t i o n  is  to   increase   the   buckl ing   s t rength   o f  

the  skin.  Consequently,  only  the  shear  panels and the  longitudinal 

bars have t o  be  included  in   the  f ini te   e lement  model of   the   s t ruc ture .  

The mater ia l   propert ies   of   the   s t ructure   are:  

E = 10 x 10 p s i  (Young's modulus), 6 

v = 0.3  (Poisson 's   ra t io) ,  

o* = CT* = 20,000 psi   (allowable normal s t r e s s ) ,  

CT* = 8,000 psi   (a l lowable  shear   s t ress)  , 

p = 0.1  lb/cu.   in .   (specif ic   weight) .  

t C 

S 
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Apart  from stress limits, local  buckling  of  the  panels i.s not  allowed, 

and the  fol lowing  constraints  are placed on the  displacements a t  points  

A, B and C: 

U* = -0.05" ( in   the  negat ive  x-direct ion)  . 
X 

The shear  panels  are assumed t o  behave as simply  supported  plates 

during  buckling. 

The design i s  s ta r ted   wi th  

t = 0.1  in .   ( thickness  of sheet)  , 

AAF = ACH = 1 sq. in .   (cross-sect ional   area of longi tudinals  

AF and CH) , 

ABG = 2 sq.   in.   (cross-sectional  area  of  longitudinal BG) , 

and the  following minimum s ize   cons t ra in ts   a re  imposed: 

t* = 0.01   in . ,  

Ab = ACH = 0 . 1  sq. i n . ,  

A& = 0 .2  sq .   in .  

Symmetry considerations  allow  us  to model only  half   of  the 

s t ruc tu re ,  as shown i n  F i g .  0 . 1 . 2 .  A l l  elements  are  sized  independently, 

except   for   the two shear   panels   c losest   to   the  load,  which are required 

t o  have the same thickness.  The design  variable numbers a re   i den t i f i ed  

in  Fig.  0.1.3. 

Two computer runs of t he  same problem were made. I n   t h e   f i r s t  

run a = 0.4 was used as the  relaxation  factor.   Fourteen  redesign 
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cycles were required  for  convergence, which is  an unusually  large 

number. The f inal   design i s  given i n  Fig.  0.1.3, and the  weight 

his tory  of   the  design  procedure  in   Fig.  0 .1 .4 .  The l a t t e r  shows a 

temporary  weight  increase between design Nos. 1 and 2 which,  however, 

i s  too   smal l   to   ac t iva te   the   cu t -of f   c r i te r ion  AW/W > E. As i n   t h e  

problem  of  Sec. M. 1.1, the  increase i s  due t o  a change in   t he   ac t ive  

constraints  (displacement  to  stress).  

The second  run  used a = 0 .3  i n  an attempt  to  reduce  the number 

of  redesigns by over-relaxat ion.   This   resul ted  in  a much la rger   in -  

crease  of  structural   weight when the  change in   t he   ac t ive   cons t r a in t s  

occurred,  (see  Fig.   0.1.4),  which i n   t u r n  caused a termination  of  the 

design. The complete h i s to ry  of  the  second  run i s  given i n   t h e  computer 

pr in tout   shee ts .  

This example i l l u s t r a t e s   t h a t   t h e   a c t i v a t i o n  of  the  cut-off  

cr i ter ion  based on weight  increase  does  not  necessarily mean t h a t  an 

optimal  design  has  been  reached.  In  order  to  minimize  the  possibility 

of a premature  program  termination,  extensive  over-relaxation  should 

be  avoided i n   t h e  f irst  few design  cycles , i .e .  , the  f irst  run  should 

use a "normal" value  of a ( in   th i s   case  0 .4  < a < 0.6) .  The resu l t s   o f  

t h e   i n i t i a l  run  (optimality  indicies,   design  variables and changes i n  

weight)  can  then  be  analyzed, and an appropriate change made i n   t h e  

re laxa t ion   fac tor .  

" 

I t  i s  important   to   note   that   the   re laxat ion  factor   inf luences 

only  displacement-constrained  designs,  since it i s  not  used i n   t h e  

s t r e s s   r a t i o  method. Consequently, a change i n  a a f t e r   t h e  second 
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redesign would have  very l i t t l e   e f f e c t  on the  design  history of the 

current problem. 

I t  should  also be  mentioned tha t   t he  minimum size constraints  

play a major r o l e   i n   t h i s  example, despi te   the  fact   that   only one 

design  variable  (design  variable No. 9 in  Fig.   0.1.3)  reaches  the min- 

i m u m  value. I t  i s  easy   to   ver i fy   tha t  i f  no s i ze   cons t r a in t s   ex i s t ,  

the  optimal  design is. obtained by the  removal of a l l  members with  the 

exception of the  longitudinal members AF and CH, The half-weight 

of the  result ing  structure  (determined by the  displacement  constraint 

a t  A) would be  20.0 l b . ,  as compared t o  21.38 lb .   for   the  design  in  

Fig.  0.1.3. 

Special  notes on i~Ipif-LN-tfpLt: 

1) Because buckling  of  the  longitudinals was not  considered,  the 

moments o f   i n e r t i a  were l e f t  blank on the  bar  element  data  cards 

(computer replaced  the  blanks by l o 6  i n .  ) . 4 

2 )  Although Construction Code No. 1 was spec i f ied   for   the   bar   e lements ,  

Code No. 2 would have  served  equally  well,  since  the  only  difference 

between the  two codes l i e s   i n   t he   eva lua t ion  of  the  Euler  buckling 

s t rength.  

3) The dimensions  of  the  shear  panels  (used  in  local  buckling  analysis) 

were l e f t  blank on the  data  cards.  Consequently,  dimensions i n  

Processed Element Data were calculated by the  computer. 

4)  KSCALE = 1 on Design Control Card ind ica t e s   t ha t  uniform  scaling i s  

exac t   fo r   t h i s  problem,  the  s ize-s t i f fness   re la t ionship  being 

f o r  each  element  of  the  structure. 
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SHEARLAG  PROBLEH - STRESS, LOCAL BUCKLING I N D  CISPLACEHENT  CONSTRAINTS 

NOHBER OF NODAL POINTS = 18 
NUHBER OF ELEHENT TYPES = 2 
NOHBER OF L O A D  CASES = 1 
N U H B E R  OF DES.  VARIABLES = 23 

DESIGN CONTROL DATA 

NCYCL = 15 

DELTA = 0.2500E-01 
KSCALE- 1 

EPSIL 0.1000E 00 
KDISP = 1 
OHECA = 0.80000 
ALPA = 0.30000 

DESIGN V A R I A B L E  INPUT DATA 

DESIGN 
VARIABLE INITIAL H I N  ALLOYABLE 
N U M B E R  

2 
1 

3 
4 
5 
6 
7 

9 
8 

10 
11 
12 
1 3  

15 
14 

16 
17 
18 
19 
20 
21 
22 
23 

VLLIIE 

0.1000E  01 
0.1OOOP 01 
0.1000E  01 
0.1OOOE 01 
0.1000E  01 
0.1000E  01 
0.1000E 0 1  
0.1000E  01 
0.1000E  01 
0.1000E  01 
0.1000E 01  
0.1000E  01 
0.1000E  01 
0.1000E 01  
0.1000E  01 
0.1000E 01  

0.1OOOE 00 
0.1000E 00 

0.1000E 00 
0.1000E 00  
0.1000E 00  
0.1000E 00 
0.1000E 00 

VALUE 

0.1000E 00 

0.1000E 00 
0.1000E 00 

0.1000E 00 
0.1000E 00 

0.1000E 00 
0.1000E 00 

0.1000E 00 
0.1000E 00 
0.1000E 00 
0.1000E 00 

0.1000E 00 
0. lOOOE 00 

0.1000E 00 
C.1000E 00 

0.1000E 00 
0.1000E-01 
0.1OOOE-01 
0.1000E-01 
0.1000E-01 
0.1000E-01 
0.1000E-01 
0. lOOOE-01 

NODAL POINT INPUT DATA 

NODE ROUNDART CONDITION CODES /------NODAL POINT COORDINATES-------- 
U U U B E R  X Y Z X X  TY 22 X Y 

/ 
z 

1 0 -1 -1 -1   -1   -1  
5 0 0 0 0 0 0  

0.000 -5.000  0.000 
10.000 

9 0 0 0 0 0 0  
-5.000 

30.000 
0.000 

1 3 0 0 0 0 0 0  60.000 
- 5.000 0 .ooo 

1 7 1 0 0 0 0 0  
-5.000 0.000 

100.000 -5.000 0.000 

T 

0.000 
0.000 
0 .ooo 
0.000 
0 .ooo 

Computer Pr intout  f o r  Second Run 



2 0 0 0 0 0 0  
6 0 0 0 0 0 0  

0.000 

1 0 0 0 0 0 0 0  
10.000 
30.000 

1 4 0 0 0 0 0 0  
1 8 1 0 0 0 0 0  100.000 

60.000 

GENERATED  NODAL DATA 

NODE 
NUHBEB 

1 

3 
2 

4 
5 
6 
7 
B 

10 
9 

11 

13 
12 

15 
14 

16 
17 
18 

BOUNDART COYDITIOU 
X T Z X I  

0 -1 - 1  -1  
0 -1 -1  -1 
0 -1 -1 -1 

0 -1 - 1  -1 
0 -1 - 1  - 1  

0 -1 -1 - 1  
0 -1  -1 - 1  
0 -1 - 1  - 1  
0 '  -1  -1 -1 
0 -1 -1  -1  
0 -1 -1 - 1  
0 - 1  - 1  - 1  
0 -1 -1 -1 
0 - 1  - 1  - 1  
0 -1 -1 -1 
0 - 1  - 1  - 1  
1 -1 -1 -1 
1 - 1  - 1  -1 

0.000 0.000 0 
0.000 0.000 2 
0.000 0.000 2 
0;000 0.000 2 
0.000 0.000 2 

CODES /------NODAL P C I N T  COORDINATES"--"" 
Y Y  22  

/ 
X T z 

- 1   - 1  0.000 -5 .000 0.000 
-1 -1 0.000 0.000 0.000 
-1 - 1  5 .000 - 5 . O C O  0.000 
-1 - 1  5.000 0.000 0.000 
-1 - 1  10.000 -5 .000 0.000 
-1 -1 10.000 0.000 0.000 
-1 -1 20.000 -5 .000 0.000 
- 1  -1 20.000 0.000 0.000 
-1 -1 30.000 -5 .000 0.000 
-1  -1 3C ,000 0.000 0.000 
-1 -1 45.000 -5 .000 .o.ooo 
- 1  - 1  45.000 0.000 0.000 
-1  -1 60.000 -5 .000 0.000 
-1 -1  60.000 0.000 0.000 
-1 - 1  80.000 -5.000 0.000 
- 1  - 1  80.000 0.000 0.000 
-1 - 1  100.000 -5.000 0.000 
-1  -1 100.000 0.000 0.000 

EQUATION UUHBEBS 

H X Y  
1 1 0  
2 2 0  
3 3 0  

5 5 0  
4 4 0  

7 7 0  
6 6 0  

9 9 0  
8 8 0  

10 10 0 
11 11 0 

13  13 0 
12 12 0 

14  14 0 
15  15 0 

17 0 0 
16  16 0 

18 0 0 

2 x x  YT 22 
0 0 0 0  
0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  
0 0 0 0  

0 0 0 0  

0 .ooo 
0.000 
0 . O O @  
0.000 
0.000 

T 

0.000 
0.000 
0.0c0 
0.000 

0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .  coo 
0.000 
0.000 
0.000 



CONSTRUCTION CODE 
NUHBER OF  TRUSS  ELEHENTS = 16 

= 1  
NUHBER OF  MATERIALS = 1  
RUHBPR OF TEHPS FOR UHICll HATL PROPS G I V E N =  1 
NURBER OF DIFFERENT  GEOHETRIES  PROPS G I V E N =  1 

HATERTAL  PROPERTY  CARDS 

RATERIAL NllIIBER SPECIFIC 
N U H B E R  OF TEHPS  UEICHT 

YOUNGS COEPFT OF /--ALLOYABLE STRESSES--/ 
TEHP HODULUS THERM EXPAY TENSIOY  COHPRPSSION 

1  1  0.1000E 00  0.0000E 00 0.1000E  08  0.0000E 00 0.2000E OS 0.2000E 05 

GEOMETRIC  PBOPLRTY  CARDS 

GEORETRY X-SECT  /--ROHENTS OF IUERTIA--/  
NORBER A R E A  Y Y  az 

1 0.1000D 01  0.1000E 07 0.1OOOL 07  

ELEHENT LOAD MULTIPLIERS 

X - D I E  0.000000D 00 0.000000D O D  0.000000D 0 0  0.000000D 00 
A B C D 

Y - D I R  0.000000D 00 0.OCOOOOD 00 0.000000D 00 0.OOOOOOD 00 
2-DIR 0.000000D 00 0 . O O O O O O D  00 0.000000D 0 0  0.000000D 0 0  
TEHP 0.000000D 00  0.000000D 00 0.000000D 00 0.000000D 00 

PROCESSED ELEHEUT D I T 1  

ELEHENT /-NODE NOS-/ /--ILEHENT I D  UOS-/ 
NUll8ER I J HATL GEOHY D V I R  

2 
1 1 3  1  1 1 

3  5 
, 3  

1 
5 7 1 

1 2 

4 7 9 
1  3 

5 
1 

9 11 1 
1  4 

6 
1 

1 1  
5 

7 
13 1 

1 3  15 1 
1 6 
1 

8 
7 

- 1 5  17  1  1 8 
9 

10 
2  4 
4 6 

1 1 
1 

9 

1 1  6 
1 10  

R 
12  8 10 

1 1 
1 

11 
1 

13   10  12 
12 

1 
14 

1 
12 14  1  1 14 

1 3  

1 5   1 4  1 1 
16 

16 
16  18 1 

1 5  
1  16 

EESIGU V A R  
FRACTION 

0.1OOOE 01  
C.1000E 0 1  
0.1G00E 01 
0.1000E 0 1  
0.1000E 01  
0.1000E  01 
0.1000E  01 

0.1000E 01  
0.1OOOE 01  

0.1OOOE 01 
0.lOOOE 01  

0.1OOOE 01 
0.1OOOE 0 1  

0.1000E 01  
0.1000L 01  
0.1000E 01 

REFERENCE 
TEHP 

0.0000D 00  
0.0000D 00  

0.0000D 0 0  
0.OnOOD 00  
0.0000D 0 0  
0.OOOOD 0 0  
0.0000D 00  
0.0000D 00  
0.0000D 00  
0.0000D 0 0  
0.0000D 00  
0.0000D 00  

0.0000D 0 0  
0.0000D 00  

0.OOOOD 00  
0.0000D 00  

I1 

0.1000D  01 
0.1000D  01 

0.1000D 01 
0.1000D 01 

0.1000D  01 
0.1OOOD 01 

0.1000D  01 
0.1000D  01 

0.1000D  01 
0.1000D 01 
0.1000D 01 
0.1000D 01 

0.1000D  01 
0.1000D  01 

0.1000D 0 1  
0,1000D 01 

END FIIITT COEFFICIENTS B A N D  
22 WIDTH 

0.1000D 0 1  3 
0.100GD 01  3 
0.1OOOD 01  
0.1000D 01  3 

3 

0.1000D 0 1  
0.1000D 01  

3 

0.1000D 01  
3 
3 

0.1000D 01  
0.1000D  01 1 

3 
0.10000 0 1 
0.1000D 0 1  

3 

0.10000 01  
3 

0.1000D 01 
3 
3 

0.1OOOD 01  
0.1OOOD 0 1  3 

0.1000D 01 
3 
1 



NUHBER OP SHEAR  PANEL  ELEMENTS 
CONSTRUCTION CODE = 1  
NURBER  OF RLTERILLS = 1  
NUHBER OF  TEMPS FOR WHICH HATL PROPS G I V E N =  1 

= a  

RATERIAL PROPERTY CARDS 

HATBRIAL N U M B E R  SPECIFIC 
HUHBER OF TEHPS YEIGHT TEHP MODULUS RATIO 

YOUNGS POTSSN ILLOYkBLE 
SHEAR 

1 1  0 .1000E 00 0 .0000E 00 0 .1000E OB 0.3000E C G  0.AOOOE 04 

PROCESSED ELEHENT DATA 

ELEHENT /-------NODE NOS------ 
NUMBER I J R L HATL D V A R  CODE PRACTION LONGER SHORTER YIDTH 

//--EL I D  NOS-/ BOOUD DES V A R  /--EFFECT PANEL DIMNS--/ B A N D  

1 
2 
3 

5 
4 

6 
7 
e 

STRUCTURE 
LOAD CASE 

1 

1 3 4  
3 

2 
5 6  4 

7 
6 

9 1 0  
9 11 1 2   1 0  

e 
11 13 1 4   1 2  
13 15 16 1 4  

5 7 8  

1s 17 l a  16 

1 1 7  
1 

1 0 .1000E  01   0 .5000D  01   0 .500OD  01  
1 7  

4 

1 l a  
1  0 .1000E 01 0.5r)OOD 0 1  0.5000D  01   4  

1 
1 0.1000E  01  0 .1000D 02 0.500OD 0 1  4 

1 
1 9  1 0 . 1 0 0 0 E   0 1   0 . 1 0 0 0 D  02 0.5000D 0 1  4 
20 1 O.1OCOE 0 1  0.1500D  02 0.5000D 0 1  4 

1 
1 2 1  

2 2  
1 0.lOOOE 01  0 .1500D 02 0.5000D  01   4  

1 
1 0.1000E 01 0.2000D 02  0.5000D 01 (I 

2 3  1 0.1000E 0 1  0.2r)OOD 0 2   0 . 5 0 0 0 D   0 1   2  

STRUCTURE LOAD MULTIPLIERS 
A B C D 

0.000 0.000 0.000 0.000 

NODAL DISPLACEllENT/ROTATICN  CCNSTELINTS 

NODE LOAD/------------------------------------- 
NO. CASE DX D l  DZ R X  R Y  R Z  -DX -DT -DZ -R X -R Y -RZ 

HAX.ALLOIIBLE  DISPLACEHENTS A N D  ROTATIONS"-----L--"--------------------------- / 

1 1 0.00000 0.00000 0.00000 0.00000 0.00000  0.00000 -0.05000 0.00000 0.00000 0.00000 0.00000  0.00000 
2 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.05000 0.00000 0.00000 0.00000  0.00000 0.00000 

NODAL POINT LOADS 

NODE  LOAD 
NO. CASE R X  RT RZ n x  nr HZ 

APPLIED LOACS 

1 1 - 0 . 1 0 0 1  0 5 ,  0.000E 00 0 .000E 00 0.000E 00 0 .000E 00 0.000E 00 

TOTAL HUHBER OF EQUATIONS = 1 6  



B A N D Y I D T H  
N U M B E R  O F  E Q U A T I O N S  IN A B L O C K  = 16 

= 4  

N U M B E R  O? RLOCKS . =  1 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ANALYSIS OF D E S I G N  H D R B E B  0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NODAL DISPLACEHLNTS A N D  BOTATIONS 

YODE L O I D  X 

1s 
17 

16 

1 5  

19 

1 3  

12  

1 1  

10  

9 

8 

7 

6 

5 

4 

3 

2 

1 

1 0.00OE-01 

1 0.000E-01 

1  -1.000E-02 

1 -1.000E-02 

1  -2.000E-02 

1  -2.000E-02 

1 -2.7503-02 

1 -2.750E-02 

1  -3.P94E-02 

1 -3.506E-02 

1 -3.9793-02 

1 -4.026E-02 

1 -4.388E-02 

1 -4.612E-02 

1 -4.538E-02 

1 -4.9621-02 

1 -4.597E-02 

1  -5.403E-02 

Y 

0.000E-01 

0.000G-01 

0.OOOE-01 

0.000E-01 

0.OOOE-01 

0.000E-01 

0.000E-0  1 

0.000E-01 

0.0001-01 

0.000E-01 

0.000E-01 

O.DOO11-01 

0.000B-01 

0.000E-01 

0.000E-01 

0.OOOE-0 1 

0.000E-01 

0.000E-01 

VALUES OF DESIGN  VARIABLES 

1 - 2  

2 

0.000E-01 

0.000E-01 

0.000E-01 

a.000E-01 

0.000E-01 

C.OO0E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 , 

0.000E-01 

0.000E-01 

X I  

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

Y Y  

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

22 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.OCOOE-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

1 4 5 6 7 8 9 10 

0 0.1000E  01  0.1000E  01 0. l O O O E  0 1  0.1000E 0 1  0.1000E  01  0.1000E  01 0. l O O O E  0 1  0.1000E  01  0.1000E  01 0. l O O O E  01  
10  0.1000E  01  0.1000E  01 0.1OOOE 01  0.100OE 01  0.1000E  01  0.1000E  01 0.1OOOE 00 0.1000E 00 0.1000E 00 0.1000E 00 
20  0.1000E 00 0.lOOOE 00 0. lOOOE 00 

ANALYSIS OP TRUSS ELBHENTS,  CONSTRN CODE= 1 

ELEHEYT X-SECT A R E A  LOAD COYD AXIAL POBCE 

~- ~ssGl+&+&~" I."" --- 



2  0.1000E 0 1  
1 O.1OCOE 01 

3 0.1000E  01 
0 -  0.1000E 0 1  
5  0.1000E 01  

7  0.1000E 01  
6  0.1000E 0 1  

8 0.1000E 0 1  

10  0.1000E 0 1  
9  0.1000E  01 

12  0.1000E 01  
11 O . l O O O E  0 1  

13  0.1000E  01 
19 0.1OOOE 0 1  
15  0.1000E 01  
16  0.1000E 0 1  

1  0.8817E 04 
1 
1 

0.7OlOE 0 4  

1  0.5201E C4 
1  0.5040E  04 
1 
1 

0.50C2E 04 
0.5000E 0 4  

1  0.5000E  09 
1   0 .11~13~  ou 
1 
1 

0.2990E 04 
0.4144E 04 

1 
1 

0.4799E C4 
0.4961E 04  

1 0.49998  04 
1  0.5000E 04  
1 ,  0.5000E 0 4  

0 . 5 8 5 6 ~  cu  

ANALYSIS 

ELEMENT 

2 
1 

3 
P 
5 
6 
7 
E 

OF SHEAR  PANELS,  CONSTBN CODE= 1 

LOAD /--------------SHEAR PLOY AT NODES" 
THICKUESS COHD I J I( 

0.1000E 00 

0.1000E 00 
0.1000E 00 

0.IOOOE 00 
0.1000E 00 
0.1000E 00 
0.1000E 00 
0.1000E 00 

1 0.47393 0 3  0.9734E 0 3  0.47348  03 
1  0.24931 0 3  0.24931 0 3  0.2493E 0 3  
1  0.1062E 03  0.1062E 0 3  0.1062E 0 3  

1  0.4897E  01 0.4897E  01 0.4897E 01  
1  0.2489E  02 0.2489E  02 0.2489E  02 

1 0.5175E-02 0.5175E-02 0.5175E-02 
1  0.1767E 00  0.1767E 0 0  0.1767E 00 

1 -0.7823E-03  -0 .7823~-03  -0 .7823~-03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EVALUATION OF DESIGN NIIHBER 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NA x 0.5917E 00 
lTN 0.1000E 00 0 21 

17  
STRESS RATIO L O A D  COND DES V A R I A B L E  

1 

RAX.DISP RATIOS L O I D  COHD EQN N O H B E R  

-0.91993 0 0  1 
-0.10811  01 

2 
1 1 

U N I ? O R N  SCALING  OPERATION  POLLOYS 

SCALE FACTOR I S  1.081AND D E T E R M I N E D  BY DISFLACENENT  CONSTRAINTS 

DESIGN  VARIABLES OF SCALED (CRITICAL) DESIGN A R E  

VALUES OF DESIGU  VARIABLES 

1 2 3 4 5 

.""-""" / 
1 

O.4739E 03 

0.1062E 03 
0.2493E  03 

0.2989E 02 
0.48973 01 
0.1767E 00 
0.5175E-02 

-0 .7823~-03  - 

AVEPAGE 
SHEAR PLOY 

O.4734E 03 
0.24933 0 3  

0.2489E 02 
0.1062E  03 

0.17671 0 0  
0.4897E  01 

-0.7823E-03 
0.5175E-02 

6 8 9 10 



10  0.1081E 01  0.1081F: 01  0.1081E 01 0.1C81E 01 O.lG81E  01  0.1081E 01 O.1ORlE 00 O.1OfllE 00 0.1081E 00, Cl.lO81E 00 
0 O.lO81E 0 1  O.lO81F 01  O.lC81E 01  0.1081E  01 O.lOA1E 01  0.1081E  01 0.1C81E 01 0.1081E ,01 0.1081E G 1  0.1C81E 01  

20 0.1081E 00 O.lO81E 00 0.1081E 00 

STRUCTURAL WEIGHT= 0.2702B 02 

REDESIGN OPERATION POLLOYS 

OPTTHALITT I N D E X  O F  DESIGN  VARIABLES.,FOD DISPT. CONSTRAINTS 

D V  NO ACT/PAS 

1 
2 

ACT 
ACT 

3 ACT 
4 ACT 
5 ACT 

7 
6 ACT 

8 
ACT 
ACT 

9 ACT 
10 
11 

ACT 
ACT 

12 
1 3  

ACT 
ACT 

1 5  
1u ACT 

ACT 
16 
17 

ACT 
ACT 

18 
1 9  

ACT 
ACT 

21 
20 ACT 

22 ACT 
ACT 

23 ACT 

I N D E X  

-0.16140B  01 
-0.25531E  01 

-0.112635 0 1  

-0.83420E 00  
-0.82166E 00  
-0.821218 00  
-0.82120E 0 0  

-0.29367B 0 0  
-0.46002B-01 

-0.56410B 00  
-0.7565913 00 

-0.82072E 00  
- 0 . 8 0 8 2 6 E  00 

-0.821181 0 0  
-0.a2120e 00 
-0.122221  01 
-0.96234B-01 

-0.20469E-03 

-0.19791B-09 
-0.56011E-11 

-0.a8839e 00 

- 0 . 5 2 8 8 6 ~ - 0 2  

- 0 . 2 6 3 ~ 1 4 ~ - 0 6  

10. OF ACTIVE  DISPLACEHENT  CONSTRAINTS ARE 1 

"" 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ANALYSIS OF DESIGN NIIHBER 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NODAL DISPLACEHENTS A N D  ROTATIONS 

NODE LOhD X 

18 

17 

16 

15 

14 

13 

12 

1 1  

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

1 0.000E-01 

1 0.000E-01 

1 -1.057E-02 

1 -1.059E-02 

1 -2.109E-02 

1 -2.123E-02 

1 -2.885E-02 

1 -2.9328-02 

1 -3.6343-02 

1 -3.7701-02 

1 -4.109E-02 

1 -4.346E-02 

1 -4.590E-02 

1 -4.8891-02 

1 -4,8153-02 

1 -5.133E-02 

1 -4.93513-02 

1 -5.336E-02 

1 

0.000E-01 

o.oool!-o1 
0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.0001-01 

0.OOOE-01 

0.OODE-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.0008-01 

0.000E-01 

0.00DE-Ol 

0.000E-01 

VALUES OF DESIGN  VARIABLES 

1 2 

2 

0.000E-01 

0.000e-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

o.oooe-01 

0.OCOE-01 

0.000E-01 

0.0001-01 

0.000E-01 

0.OOOI-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

X X  

0.0000E-01. 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.00(301-01 

0.0000E-01 

0.000OE-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.OOOOE-01 

0.0000E-01 

0.0000E-01 

0.00OOE-01 

0.OOOOE-01 

0.0000E-01 

0.0000E-01 

YY 

0.0000E-01 

0.0000E-01 

0.0000E-01 

C.OOOOE-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

ZZ 

0.0000E-01 

0.0000E-01 

0.00COE-01 

0.0000E-01 

0.0000E-01 

0.0000E-Dl 

0.0000E-01 

0.OOCOE-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0D00E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

3 4 5  6  7 R 9 10 

0 0.22S6E  01 0.1545E 01 0.1176E 01 0.9962E 00 0.9552E 00 0.94571 00 0.945UE 00 J.9454E 00 0.3590E 00 0.54633 00 
10 0.75098 00 0.8965E 00 0.9356E 00 0.94508 00 0.9U54E 00 0.94543 00 0.1249E PO 0.3970E-01  0.32823-01 0.3243E-01 
20 0.32421-01 0.3242E-01  0.32423-01 

ANA,LYSIS OF TROSS ELEHENTS, CONSTRN  CODE= 1 

ELIHENT X-SECT &REA LOAD  COND  IXIAL  lOPCE 



1 
2 
3 
4 
5 

7 
6 

8 

10 
9 

11 
12  
1 3  
14 
15  
16 

0.2256E  01 
0.1545E  01 
0.1176E  01 

0.9552E 00 
0.9962E 00  

0.9457E 00  
0.9454E 00  

0.3590E 00 
0.9454E 00 

0.5463E 00 
0.7509E 00 
0.8965E 0 0  
0.93568 00 
0.9450E 00  
0.9454E 00 
0.9454E 00 

1 
1 
1 
1 
1 

1 
1 

1 
1 

1 
1 
1 
1 

1 
1 

1 

0.91382 04 
0.753hE 0 4  
0.6386E 0 4  
0.5741E 04 
0.53348 04 
0.5105E 0 4  
0.502flE 0 4  
0.500SE 04 
0.8616E  03 
0.2464B 04 
0.3614E 0 4  
0.4259B G4 
0.4667E 0 4  
0.4895E 0 4  
0.4972E 0 4  
0.4995E 04 

ANALYSIS OF SHEAR  PANELS,  CONSTRN CODE= 1 

2 
1 0.1249E 00 

0.1249E 00 
3 0.3970E-01 
4 
5 

0.3282E-01 

6 
0.3243B-01 
0.3242E-01 

7 0.3242E-01 
8 0.3242E-01 

1 0.34473 0 3  
1 0.29628 03 
1 0.8192E 02 
1 0.47178 02 
1 0.2284E 02 
1 0.7594E 01 
1 0.2023E 01  
1 0.27198 00 

0 .34473  03  
0.2962E 0 3  

0.47178  02 
0.81923  02 

0.2284E  02 
0.75943  01 

0.2719E 00  
0.20231 01  

0.3447E 03  0.34473  03 
0.29628 03 0.29623’ 03 
O.fl192E 02  0.81923 02 
0.47173 02  0.47173  02 
0.2284E 02 0.2284E 02 
0.7594E 01  0.7594E 01 
0.20231 01 0.2023E  01 
0.27193 00 0.27198 00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EVALUATION OF DESIGN N D N R E R  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

nAx 
H I N  

STRESS R A T I O  LOAD COUD 
0.8397E 00 
0.2026E 00 

1 
1 

U A X  DISP RATIOS LOAD COUD 

-0.1067E 0 1 
-0.9871E 00  1 

1 

DES V A R I A B L E  
1 9  
1 

EQN N D N B E R  

2 
1 

ONIFORB  SCALING OPERATION POLLOYS 

SCALE  FACTOR I S  1.067AtlD DETERHIWED BY DISPLACEHENT  CONSTRAINTS 

DESIGN  VARIABLES OF SCALED (CRITICAL) DESIGN I R E  

VALUES O? DESIGN  VARIABLES 

1 2 3 U 5 6 

0.3447E 03 
0.2962E 0 3  
O.8192E  02 
0.4717E  02 
0.22848  02 
0.7594%  01 
0.2023E  01 
0.2719E O C  

7 8 9 10 



0 0.24071  01 0.1649E  01  0.1255F  01  0.1063E 01  0.1019E 0 1  0.1009E  01  0.10091!  01  @.1309R  01 0.3A31E 00 0.5830E 0 0  

20  0.346OE-01  0.34601-01  0.39601-01 
10  0.8013E 00 0.95675 00 0.99841 00 r ) . l O C B E  01  0.1009E  01  C.1009E 01 0.1333E 00 0.4236E-01  0.35028-01  0.3461E-01 

STRUCTORAL WEIGHT= 0.22971  02 

REDESICU  OPERATIOU  FOLLOWS 

O P T I H A L I T T  I Y D E X  O F  OESICN  VARIABLES FOR DISP1. CONSTRAINTS 

D V  NO ICT/PIS 

1 
2 

ACT 

3 
ACT 
ACT 

4 
5 

ACT 

6 
I C T  
K T  

1 ACT 
8 
9 

ACT 
ACT 

10 
1 1  ACT 

ACT 

1 3  
12 ACT 

14 
ACT 

1 s  
ACT 

16 
ACT 

17 
ACT 
ACT 

18 PASS 
19 
20 

PASS 
PASS 

21 PASS 

23 
22 ACT 

ACT 

INDEX 

-0.87594E 00  
-0.604371 0 0  

-0.122261 0 1  
-0.10854E 0 1 

-0.10730E  01 
-0.114791  01 

-0.10415E 0 1  
-0.10320E 0 1  
-0.2121OE 0 0  
-0.748718 0 0  
-0.85274E 00  
-0.831058 00  
-0.91594E 00  
-0.98775E 00  

-0.10278E  01 
-0.10184F 0 1 

-0.40766E 0 0  
-0.633861 00 

-0.197741 00 
-0.47487E-01 
-0.525321-02 
-0.372778-03 
-0.673531-05 

NO. OF ACTIVE  DISPLACEHEHT  COUSTBAINTS 1RE 1 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ANALYSIS OF DESIGN NUMBER 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

‘NODAL DISPLACERENTS A N D  ROTATIONS 

NODE L O A D  X Y 

18  1 O.OOOE-01 0.000E-01 

1 7  1  0.00OE-01 0.OOOE-01 

16  1  -9.511E-03  0.000E-01 

1 5  1  -9.907E-03  0.000E-01 

14  1  -1.895E-02  0.000E-01 

13  1  -1.988E-02  0.000E-01 

12  1  -2.594E-02 0.000E-01 

11 1 -2.743E-02 0.OOOE-01 

10  1  -3.284E-02 0.000E-01 

9  1  -3.501E-.02 0.000E-01 

8 1  -3.738E-02 0.000E-01 

7  1  -4.003E-02 0.000E-01 

6  1  -4.183E-02 0.000E-01 

5 1  -4.514E-02 0.00OE-01 

4 1  -4.408E-02 0.000E-01 

3  1  -4.775E-02 0.000E-01 

2  1  -4.625E-02 0.000E-01 

1 1  -5.0408-02 0.000E-01 

2 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-C1 

0.000E-01 

0.000E-C1 

0.000E-C1 

C.00OE-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-C1 

0.000E-Gl 

0.000E-01 

0.000E-01 

0.000E-01 

0.000E-01 

0.00OE-Cl 

x x  

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.OCOGE-01 

0.0000E-01 

0.0000L-01 

0.0000E-01 

0.0000E-01 

O.0OOOE-01 

0.0000E-01 

0.0000E-01 

0.00008-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

rr 
0.0000E-01 

0.0000B-01 

0.0000E-C1 

0.0000E-01 

0.0000E-01 

0.OOOOE-01 

0.00OOE-01 

0.0000E-01, 

0.0000E-01 

0.0000P-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

ZZ 

G.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.000CE-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

0.000@L-01 

0.0000E-01 

0.0000E-01 

0.0000E-01 

VALUES OF DESIGN  VARIABLES 

1  2  3 4 5 6 7 8 9 10  

0 0.17UOE 01 G.1506E 01  0.133OE  01  0.1229E 0 1  0.1125E  01  O.1061E C1 0.1038E 01  0.1031E  01  0.1718E 00 0.480SE 00 

20 0.15368-01  0.1039E-01  0.1038E-01 
10  0.7187E 00 0.8435E 00 0.93968 00 0.9998E 00  0.1022R 01  0 .1028E 01, 0.9910E-01  0.3293E-01  0.2739E-01  O.2218E-01 

ANALTSIS OF TRUSS  ELERENTS,  CONSTRN CODE= 1 

ELEHEUT X-SECT A R E A  LOAD COND A X I A L  FORCE 

? 
I”’ 

I”’ 
Io 



1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
10 

1 2  
1 3  
14 
15  
16 

0.1740E  01 
0.1506E  01 
0.1330E 01  

0.1125E  01 
0.12293  01 

0.1061E  01 
0.1038E  01 
0.1031E  01 
0.1718E 0.0 

0.71871 00 
0.4805E 00 

0.8435E 00  
0.9396E 00 
0.99983 00 
0.1022E  01 
0.1028E  01 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 

0.9254E C4 
0.7843E 04 
0.6POOE 04  
0.61691 04  
0.56RlE C4 
0.5339E 04 
0.5178E C4 
0.5109E C4 
0.7459E C 3  
0.21571 C4 
0.32COE 04 
0.3831E C4 
0.4319E C4 
0.46611 0 4  
0.4822E 04  
0.4891E 04 

AYILYSIS or SBEAR PANELS, CONSTRN CODE= 1 

ELElEYT  THICKNESS 

1 
2 

0.9910E-01 

3 
0.9910E-01 
0.3293E-01 

4 
5 

0.27391-01 

6 
0.2218E-01 

7 
0.15363-01 

8 
0.1039E-01 
0.1038E-01 

LOAD 
COND 

1 
1 
1 

1 
1 

1 
1 
1 

/- - - " -" - - 
I 

0.29893 03 
0.26611  03 
0.7548E 02 

0.31241  02 
0.5C79E 02 

0.53163  01 
0.14331  02 

0.1581E  01 

"-SHEAR PLOY AT NODES-- 
J K 

0.2984E 03 0.2984E 03 
0.26613 03 0.26618 0 3  
0.7548E 02 0.75488 0 2  
0.5079E 02 0.50793 02 
0.3124E 02 0.3124E 02 
0.14333 02 0.1433E 02 
0.53163 01 0.53161 01 
0.1581E 01 0.15811 01  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EVALIIATION OF DESIGN NOHBER 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H A 1  
U I N  0.22263 00 

STRESS RATIO L O I D  CON0  DES V I R I A B L E  
0.13283  01  1  22 

1 11 

Hl lX DISP RATIOS LOAD COND EQN N O H B E R  

-0.9249B 0 0  1 
-0.1008E 0 1 

2 
1  1 

UNIPORH  SCALING  OPERATION ?OLLOUS 

SCALE PICTOR IS 1.3281ND DETEEHINED BY STRESS  CONSTRAINTS 

DESIGN  VARIABLES OF SCALED (CRITICAL) DESIGN I R E  

VALUES or DESIGN VARIABLES 

? 2 3 4 

,"""""_ 

1 SHEAR  PLOY 
/ A V E R A G E  

0.298UE 03 0.2984E 03 
0.2661E C3 0.2661E 0 3  

0.5079E 02 0.5079E 02 
0.75488 02 0.7548E 02 

0.31241 02 0.3124E 02 
0.14333 02 0.1433E 02 

0.1581E 01 0.1581E 01 
0.5316E 01  0.5316E 01 

6 7 

0 

r4 
0 

8 10 



1 0   0 . 9 5 9 6 1  00 0 . 1 1 2 0 E   0 1   0 . 1 2 4 6 E   0 1   0 . 1 3 2 R E   0 1   0 . 1 3 5 7 8   0 1   0 . 1 3 6 6 E   0 1   0 . 1 3 1 6 E  00 0 .4373E-01   0 .363RE-01   0 .2946E-01  
0 0 .2311E  01  0.2000E 01 0 . 1 7 6 7 E  01 0.1632E1 0 1   0 . 1 4 9 4 E  01 0 .1409E  01   0 .1379E 01 0 . 1 3 7 0 E   0 1   C . 2 2 8 2 E  00 0 . 6 3 8 1 E  00 

20 0 .2040E-01 0.13AOE-01  0 .137RE-01 

STRUCTURAL  YEIGHT- 0 . 2 8 9 3 E   0 2  

TERHINAL DESIGN---LIGHTEST CRITICAL DESIGN I S  DESIGN N U H B E R  1 
REDESIGN  OPERATION FOLLOWS 



P . l . l  

P .  PLATE ELEMENTS 

P . l  Square Plate with Clamped Edges - Problem 1 

1 I 

A .  C 

Figure P . l . l  

Uniformly Loaded P l a t e .  
(Shaded region i s  modelled 
by f i n i t e   e l e m e n t s )  

We consider  a square,  clamped p l a t e  

s u b j e c t e d   t o  a uniform  normal  pressure o f .  

16   ps i .   Mul t ip le  symmetries permit us t o  

t r e a t   o n l y   o n e - e i g h t h   o f   t h e   p l a t e  as in-  

d i c a t e d   i n   F i g .  P . l . l ;  t h e   f i n i t e   e l e m e n t  

mesh employed i n   t h e   d e s i g n  i s  shown i n  

Fig.  P . 1 . 2 .  The clamped  boundary  conditions 

on AC and t h e  symmetry requirements on BC 

are imposed  by the  appropriate   motion 

code on Nodal Point  Data  cards,   but 

Boundary  Elements must be  used  to   enforce 

t h e  symmetry condition  (vanishing  slope) on 

t h e  skewed l i n e  AB. 

The da ta   u sed   i n   t he   des ign  i s  

E = 10.5 x 10 p s i  

v = 0.3  

6 

u* = u* = 12,000  psi  t C 

p = 0.1   lb /cu .   in .  

u* = 0 . 1   i n .   a t   c e n t e r   o f   p l a t e  z 

(Young's  modulus) 

(Po i s son ' s   r a t io )  

(Allowable  s t resses)  

(Specif ic   weight)  

(allowable  displacement).  

Rotat ional   spr ings are used  for  the  boundary  elements,   with a s p r i n g  

constant  of  2 x 10  in .   lb / rad.   each.  This value 5's .roughly  100. times 6 

I I I 111 111111111111 



P.1.2 

0 
D .  

Plate Elements 

Boundary Elements 
A 1 9  I20 

8 080 9 10 9 11 

1 2 3 4 d 6 C 

Figure P . 1 . 2  

F in i t e  Element Mesh Showing Element and Node  Numbers 

higher  than  the  corresponding  st iffness k = M/e (see  Fig.  P.1.3).of 

a typical   e lement   in   the  ini t ia l   design.  A s  most elements become 

thinner  during  redesign,  the 

boundary  elements become re l a -  

t i v e l y   s t i f f e r  and more e f f ec t ive  

in   enforcing  the symmetry con- 

d i t i on  on AB. 

The i n i t i a l   d e s i g n  is  a uni- 

form p l a t e  of thickness   0 .3   in .  

No minimum s i ze   cons t r a in t s  were em- 

ployed in   the  design.  A l l  p l a t e  ele- Figure P .  1 .3  

Computation of Rotational 
S t i f fness   o f  a P la te  Element.  ments were sized  independently. 



P.1.3 

Table P . l . l  shows tha t   t he  f i rs t  four  redesigns were  completely 

governed by the  displacement  constraint .  I t  is  very   l ike ly   th i s  

portion  of  the  design  could  be  speeded up by over-relaxation  ( the 

%ormal" value  of   the  re laxat ion  factor ,  = 0.75, was used). From 

the   f i f t h   des ign  onwards, an increasing number of   s t ress   cons t ra in ts  

become ac t ive ,  and slow down the  convergence.  In  fact, an increase 

i n  weight  occurs in   design No. 7, which is  not overcome in   t he   nex t  

two redesign  cycles. The use  of  over-relaxation would be inef fec t ive  

in   t h i s   ca se  due to   the  presence  of   s t ress   constraints .  

Slow convergence i s  not uncommon in  design problems where a 

gradual change occur s   i n   t he   c r i t i ca l   cons t r a in t s .  I t  i s  seldom 

p r a c t i c a l   t o  run  such  problems un t i l   t he   op t ima l i ty   c r i t e r i a   a r e  

reached. I t  has  been  our  experience, however, t ha t   t he   s t ruc tu ra l  

weight  does  not  decrease much a f t e r   t h e  f irst  4-6 redesigns,  although 

the  design  variables may change considerably.   In   this   par t icular   pro-  

blem, f o r  example, we would n o t   h e s i t a t e   t o  adopt  design No. 6 as  the 

f ina l   des ign .  

Special  notes on input-output : 

1)  The normal pressure was spec i f ied  on the  element  cards,  not as nodal 

" - 

point  loads  (see  Thin  Plate/Shell Element Data). 

2)  Since  the  stiffness  matrix  of  each  plate  element  has  the form 

[Ki]  = [ki]A (A i s  the  plate  thickness),   uniform  scaling was de- 

c lared  to   be an exact  operation by the  use  of KSCALE = 3 (see 

Design Control  Data). The sca l ing   fac tor  is  ac tua l ly  a l i t t l e  i n  

e r r o r  due to   the   p resence  of the  boundary  elements  with f i n i t e  

s t i f fness   cons tan ts .  

3 



P.1.4 

3) The i so t rop ic  von Mises y i e l d   c r i t e r i o n  was employed for stress 

cons t ra in ts .  By leaving  the  allowable  shear stress o* blank on 

the  mater ia l   property  cards ,  os* = o ; / A  was used in   the  design 

(see  Material  Property  Table). 

. I .  
S 



E 1 emen t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
13 
14  
15 

Wt. ( lb . )  

Cr i t ica l ,   Sca led  Designs  (thickness i n  inches) 

0 1 2 3 4 5 6  7  8  9 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 

.3225 
,3225 
.3225 

,2446 
.a562 
.2826 
,3183 
.3445 
.2603 
.2637 
.2611 
.2571 
,2637 
.2673 
.2626 
.2  880 
.3185 
.4226 

,1852 
.2024 
.2471 
.3223 
.3894 
.2091 
-2176 
.2199 
.2211  
.2197 
.2235 
.2210 
.2857 
.336 1 
.4  889 

.1399 

.1579 

.2102 

.3182 

.4350 

.1658 

.1820 

.2010 

.2232 

.1899 

.2027  

.2057 

.2960 

.3575 

.5130 

.lo54 

.1214 

.1719 

.29 86 

.4673 

.1285 

.1504 

.1889 

.24 82 

.1686 

.1890 

.2023 

.2933 

.35 81 

.5055 

.0792 

.0923 

.1360 

.2680 

.4954 

.0973 

.1205 

.1709 

.2810 

.1488 

.1716 

.1938 

. 2  785 

.3437 

.4816 

.OS95 

.0696 

.lo52 

.2305 

.5212 
,0723 
.09 39 
.1462 
.3162 
.1287 
.1497 
.1778 
.2566 
.3212 
.4499 

.os00 

.05 86 

.lo96 

.2315 

.6089 

.0708 

.0803 

.1329 

.3882 

.1321 

.1455 

.1801 

.2608 

.3326 

.4679 

.0449 

.0512 

.1282 

.2280 

.6457 

.0764 
,0705 
.1191 
.4201 
.1376 
.145  4 
.1808 
,2575 
.3332 
.4706 

- 

,0393 
.0438 
.1468 
. 2  140 
.6381 
,0779 
,0605 
.1032 
.4197 
.1347 
.1425 
.1742 
.2433 
.3191 
.4519 

.01612 .01427  .01318  .01258  .01199  .01126  .01046  .01104  .01126  .01094 
~ ~ 

Table P. 1.1 

Desiqn History of  Element Thicknesses and Total   Structural  Weight 

(Underlined  thicknesses  are  governed by stress constraints  .) 



0 5 1 0 0  
(151  50 
0 5 2 0 0  
0 5 2 5 0  

0 5 3  5(1 
0 5 3  00 

0 5 b  50  
054uu 

0 5 5 (1 0 
(1 5 5 5 0 
U56O(l 
0 5 6 5 0  
0 5 7 0 0  
0 5 7 5 0  
0 5 8 0 0  
(15850 
0 5 9 0 0  
05950 
o6ono 
obn50 
0 6 1 0 0  
061 5 0  

0 6 3 0 0  
0 6 2 5 0  

(I64 00 
06350 

064  50 
0 6 5 0 0  

0 6 6 0 0  
0 6 5 5 0  

0 6 6 5 0  
116700 
0 6 7 5 0  

0 6 H 5 0  
06Y00 

, 0 7 0 0 0  
06Y50 

0 7 0 5 0  
0 7 1 0 0  
071 50 
0 7 2 0 0  
072 50 
07300 
0 7 3 5 0  
0 7 4 0 0  
0 74 5( l  

0 6 2 0 0  

0 6 no u 

07500 

2 1  2 I I S  
I u 
I S  0.1 

3 0 . 0 2 5  

I 
2 
6 
7 

I 1  
I ?  
1 5  
I 6  

20 
I 'J 

2 1  
6 
I 

I n  

1 .  

1 
2 

4 
3 

5 
6 

8 
7 

9 
I 0 
I 1  
1 2  
1 3  
1 4  
I 5  

7 

1 
2 
3 
4 
5 

2 1  
1 .0  

- 1  - I   - I  - I  

1 1  

1 5  I I I 
I 0 . 1  

1osoonou. 0. 3 

0. I 

I 

I 

4 

I 

I 

1 
I 

I 
2 
3 
4 
5 

M 
7 

IO 
9 

1 2  
1 3  
14 
16 
1 7  
1 9  

5 

7 
1 2  
1 6  
19  
21 

I 

2 

4 
3 

6 
5 

8 

10 
9 

I 1  
I 3  
1 4  

1 7  
1 5  

1 8  
20 

I 

1 2  
7 

I 6  
1 9  

8 
7 

Y 

I 1  
10  

1 2  
1 3  
I 4  
I 5  
I 6  
I 7  

2 0  
1 9  

2 1  

I n  

7 1  
I 

8 1  
9 1  

10 1 
1 

1 2  1 
I 3  I 
1 4  I 

I 
1 6  I 
1 7  I 

1 
1 9  I 

1 

. I  

I 1 I 1 1 . 3  0 . 7 5  

- I  
2 . 0  

2 . 0  
10. 

I O .  
2 .  (I 

4 . 0 
2 . 0  

4.0  
1 0 .  4.0 

IO. 
6.0 6 . 0  

6 . 0  

IU. 
8, u 

10. 10. 

n. o 
11. 0 

2 
1 

4 
3 

5 
6 
7 
A 

IO 
9 

I i  

1 3  
1 2  

14 
15 

1 
1 

1 
1 
1 

12000. 12000. 

0 7 5 5 0  1 2 3 4 5 h 7 R 9 A 1 2 3 4 5 6 7 H 9 ~ 1 2 3 4 5 6 7 8 9 C 1 2 3 4 5 6 7 H 9 D  
0 7 6 0 0  

16 .  
16. 
16. 
16. 
16. 
16. 
16 .  
1 6 .  
16 .  
16.  
16. 
16. 
16. 

16 .  
16. 

2000000. 
2000000.  
2000000.  
2000000.  
zoooood. 

-. I 
1 2 3 4 5 6 7 8 9 E 1 2 3 4 5 6 7 8 9 F 1 2 3 4 5 G 7 H 9 C I 2 3 4 5 h 7 8 9 H  

Echo of Input Cards 



CLLNPCD  SQUhPE  PLATE - STRPSS ANn DTSP. CCNSTAP.TP'TS 

nmnm OF n n D L L  DOIMTS = 21 
WlllRPR OF FLFHENT  TYPES = 2 
#nHBEP OF LOA0  CASES = 1 
NOPBIP OF DES.  VAPTLRLES = 15 

DESIGN  VARIABLE  INPOT DATA 

DESIGN 

NUMBER VALUE  VALUE 
v A R I a n 1 . E  INITIAL R I M  R L L O Y L B L E  

2 
1 

3 
I 
E, 
6 
7 
8 

10 
9 

11 
12 
13 

15 
14 

~ . ~ O O O E  no 0 . 0  
0.3000E 00 0 .0  
0.3000E 00  0 . 0  
Q.3000E 00 0 . 0  
0.3000P: OD 0.0 

0.30061 00 0.0 
0.3000E FO O.n 

0.300OL OC 6 .0  
0.3060E OC 0 .0  

0.3000F @O 0.9 
0.3000F 00 0.0 

0.3900E 00 0 . 0  

0.3000E 0 0  0 . 0  
0.3000E 0 0  0 . 0  

0 . 3 0 0 0 ~  oc 0.9 

llOnAL P O I A T   I N P U T  DATA 

NODE BOUNDARY CONDITI@N  CODES /------ 
MUllBER X Y 2 X X  YY 2 2  

NODAL POINT C@GPDTNBT?S-------- / 
1 '1. II 

1 - 1  - 1  - ?  - 1  1 -1  

1 6 0 0 0 0 0  
h 0 0 1 1 1 0  

1 1 0 0 0 0 1 0  

1 5 0 0 0 0 1 0  
1 2 0 0 0 0 0 0  

l h O f l 0 0 0 P  

2 0 0 ~ 0 0 0  

1 n o o o o l o  
1 g o o ~ o n n  
2 0 ! ? 0 0 @ 1 0  
2 1 0 0 0 0 t 0  

c.0 
2.000 

1c.o0!? 
2.000 

1c.000 
u, Ono 

1o.oco 
10 .  noo 
n.090 

t o . n m  
1o.ono 

6 .  000 

0 . 0  n 
0 . 0  0 
0 . 0  1 
0 .0  
0 .0  

0 

@.n n 
1 

O . @  
O . ?  1 

0 
0 . 0  1 
0 . 0  0 
P.0 
0 . 0  

n 
n 

T 

0.n 
0 . r  
9.0 
0.c 
0.0 

rJ.0 
0.0 

9.0 
n.r! 
n.O 

9.n 

o .n 

Computer Printout 

(Input data,  the i n i t i a l  design and the final  design  only  are reproduced.) 
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CENERLTED NODAL DATA 

NODE BOUNDARY CONDIT 
NIJltlEr! X 

1 
2 

4 
3 

5 
6 
7 

' A  

10 
9 

12 
11 

13 
14 
15 
16 

18 
17 

20 
19 

21  

-1 
-1 

-1 

- 1  
-1 

-1 
-1  
-1 
- 1  

-1  
-1 

-1 
-1 

- 1  
-1 

-1 
-1 

-1 
-1  

-1 
-1 

T 

-1 

-1  
-1 

-1 
- 1  

- 1  
-1 

-1 
- 1  
-1  
-1  
-1 
-1  

-1 
-1 

-1 
- 1  

- 1  
-1 

- 1  
- 1  

EQWITTOH WDrlRERS 

N 

2 
1 

3 
9 
5 
'6 
7 
8 
9 
10 
11 
12 
13 

15 
14 

16 
17 
18 

20 
19 

21 

X 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I? 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

z 
- 1  

- 1  
-1  

-1  
- 1  
1 
0 
0 
0 
@ 
0 
0 
0 
n 

0 
0 

0 
0 

0 
0 

0 

2 
0 
0 
0 
0 
0 
0 
5 

1 1  
8 

14 
17 

22 
19 

25 

30 
28 

36 
3 3  

3fl 

4 3  
41 

x x  

-1 
-1 
-1 
-1 
- 1  
1 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

n 

n 

' IX 
0 
0 
0 
0 
0 
0 

9 
6 

12 
15 

2~0 
1fl 

26 
23 

29 
31 
34 
37 
39 
42 
44 

0 
1 

0 

0 
1 

0 
0 

@ 
0 

0 
1 

0 
0 

0 
1 

0 
1 
0 
1 
1 

n 

Y Y  
0 
1 
2 

4 
3 

0 

10 
7 

13 
16 

21 
0 

24 
27 
0 

32 
35 

0 
40 

0 
0 

DAL 
X 

-1  ?.O 
- 1  2.000 
-1  4.?0@ 

-1  A.00@ 
- 1  f5.,0n9 

-1 
- 1  
- 1  
- 1  
- 1  
-1 
- 1  

- 1  
- 1  

- 1  

-1  
-1 

-1  
-1 
- 1  
-1  

2 2  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
@ 
0 
0 
0 
@ 
0 
0 
0 

0.e 
0.0 
17.c 

n.fl 
O.r 

l@.?r)O 
2.000 

n.0 

4.000 
2 . ~ 1 7 9  

h .  090 
2. @on 
2.~017 

8.000 
10.000 

2.00n 
2 . 0 P 0  

6.000 
4 . O O ?  u . r , n @  

4.0c0 

10.000 
R.009 4.000 

4.090 

R.000 
6.0?@ 6. 0nfl 

10.009 
6.CC'n 
6.0Q0 

10.n00 
10.000 

1 0 . ~ 0 P  
A.P@C 

8 . 0 0 0  8.0CC 

?.O @.@ 
9.0 
?.@ 
C.0 

0.c 
" . C  
C . [ \  @.I! 
0.0 
0.0 
0.0 
P.? 

0.0 
0.0 
c.0 
0.c 
0.0 
0.0 

0.0 

0.0 

'1.0 
!?.C 

0.0 
c.c 

O.@ 
n.O 

E . 0  
0.0 

0.C 
0.0 

0 . c  
0.0 

9 . c  
C.O 

0 . 0  
0.0 

0.0 

0.0 
0.0 

0.G 

n.0 



T H I N  P L A T E / S W F L b   P L E P E N ' T 5  

NURBPP OF MLTERTALS = 1 
NOREEF OF FLERFNTS = 15  

CONSTPN CODE = 1  
N O R E R R  OF TEWP CARDS= 1 

1. coo 0. F 

0 . 0  
O.@ 0.0 

O.n 
0.0 
0.0 

THIH PLA.TE/SHFLL  ELFRENT DIITA 

ELERENT 
WUllEER NODE-T NODE-J HODE-K NODE-L 

2 
1 1 

2 
3 
4 

3 
4 

5 5 
6. 7 
7 
3 9 

8 

9 
10  12 

10 

11  13 
12 . 14 ' 

1 3 .  
14 

16 

15  . :'9 

2 
3 

7 
R 

5 
4 9 

6 
10 
11 

R 
9 

12 

10  14 
13 

1 1   1 s  
13 16 
14  17 
15 16 
17  19 
18 
20 

20 
21 

0 
7 
8 
9 

10 
0 

12 

14 
13 

0 
16 
1 1  

19  
0 

0 

9.0 

0.0 
0.0 

n.n 

IllTERTAL 
Hnfl6ER 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

DES VIR 
nl lnRPR 

1 
2 

4 
3 

5 
6 
7 
8 

10 
q 

12 
11. 

13 

15 
14 

'1.0 0 . 0 
9.0 
0 . 9  

0.0 
0.0 

0.n n .Q 

PRESSllRP TEHPERATIIRE 
N G F P P L  RFPFPENCE 

16.rcoo r.0 

0.0 

16 .OOC0 0.0 

1fi.DOP.C 
16.0000  0.0 

lfi.0000 
1fi.c.000 

0.0 
6.0 

16.0000  0.0 
0.0 

16.6000 0.0 
16.F.000 r .o 

lfi.C000 
16.00nn  0.0 

0.0 

16.0CP0 0.G 

1fi.coro 

16.cooo 0.0 

16.ooon 0.0 

RRTA 

0.0 
0.0 

0.0 
?.9 

0.0 
0.0 

0.Q 
0.0 

0.0 
0.0 

O.o 
0.0' ' 

O.n 

0." 
o.n 

YTDTll 
R I N D  

7 
10 
12 
14 

17 
15 

11 
17 
l h  
14 
1u 
13 
11 
10 
1 



ELEBENT LOAD BllLTIPLTERS 

0.c 0.0 0.0 n.0 
R n C n 

B O U N D A R Y  ELFBPNT DATA 

NffRBPP N 
1 

NT NJ N K  
7 1 0 0 

N 1. 
0 

2 12 
? l  

I 0 0 
3 16 

0 P 1  
12 0 0 

4 
r! 

19 16 0 
0 1  

0 
5 21 n 0 0 0 1  

n 
19 

CONST NODE /--NOD!?S DEFINING  CONSTRITNT  DIRRCTJON--/  CODES 
Kn K D  

n 1  

P J S P L  
D 

RCITATT7!I S T I F F  
R S 

0 .O 0.0 
0.9 

2.onn 0 6  
c.0 

rr.g 
7.9OD 06 

“.e 2.OPD Oh 
0.0 0.c 2.00n 06 
0 .n 6.0 2.OOD 06 

STRUCTURP: 
LOAD C l S E  

STRIICTR’RE LOAD ROLTIPLIERS 
A B C D 

1 1 . O G 0  0.0 0.0 0.0 

NODlL POI’WT LOAM 

NODE LOAD 
N O .  CASE R X  R Y  

APPLIED  LORDS 
RZ 

TOTII .  NUMBER OF EQUATTONS = 44 
BANDWIDTH = 17 
N U R R P R  OF EOUATIONS IN A BLOCK 44 
NIHIBPR OF BLOCKS = 1  

PX P Y  



! 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ANALYSTS OF DES7C.A NlltlRF' r) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MODAL DTSPLACEHFNTS A N n  ROTATIOYS 

NODE LOAD 

21 

20 

19 

1R 

17 

16 

15  

14 

13 

12 

11 

10  

9 

e 

7 

6 

5 

4 

3 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

I v 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

0. 0 

7.0  

0.0 

0.0 

0.0 

0.0 

0.0 

9.0 

0. r! 

0.0 

0.0 

0 . 0  

z 

1.242R-01 

1.1.53E-01 

1.07UP-01 

9.0573-02 

9.4bRE-02 

6.703F-02 

5.4868-02 

5.125F-02 

U.OA4P-02 

2.'31E-02 

1.8238-02 

1.707P-02 

1.36qE-02 

R.522E-03 

2.R45E-03 

3.0 

0.0 

0.0 

3 . @  

3.0 

0.0 

Xy: YY  

1.5011r-04 c.c 

A.7571E-03 C.C 

R . I ~ A ~ B - O ~  - T . R ~ ~ o F . - P ~  

1.5A40E-02 C.? 

1.4715F-02  -f.C4bRlE-@3 

1.1569E-02  -1.1343E-02 

1.Q4RlE-02 0 . 7  

1.R163E-02 -3.5911E-03 

1.4342E-02 -fi.69SRF-01 

8.7277E-07 -R.5R25P-03 

1.h175E-02 0.1) 

1.512r)p-r)2 - 1 . 0 ~ 7 w - r 3  

I . ~ S E - C ?  - 2 . 0 7 0 6 ~ - ~ 3  

7.4622E-03 - 2 . 7 0 7 4 P - 0 3  

2.4512F-03  -2.3PR4E-03 

0.0 0. s 

0.c 8.1310P-05 

0.0 1.521RE-CU 

0.0  1.2669p-r)o 

0.0 2.102AE-04 

0.0 0.F 

z 7 

F.0 

0.0  

0.C 

0.0 

0.0 

0.0 

O . @  

0.0 

q.0 

0.0 

0.0 

0.0 

0.0 

c .o 

n.0 

0.0 

0.0 

0.0  

0.0 

0.P 

0.0 

VALUES OF DESIGN VAIIIBLES 

1 2 3 4 5 6 7 n 9 10 

n 0 . 3 0 n o ~  00 0.3000~ 00 O . ~ O K I E  00 ~ . N O O E  00 0 . 3 n o n ~  00 0 . 3 0 o n ~  no 0.3000~ nn n , ? r ) w E  00 0.30005 00 0 . 3 0 0 0 ~  00 
IO 0.3000~ 00 0.3000~ 00 0.3003F no 0.3000E on 0 . 3 0 0 ~ ~  c n  



2 
1 

3 
4 
5 

7 
6 

8 
9 

11 
1 0  

1 2  
1 3  
1 4  
15 

0 .3000E 00 1 0 .0  
0.3000E 00 1 0 . 0  

1 0.0  

0.3000E 00 
1 9.0 
1 0.0 

0.30008 00 1 0.0 
0.3000E 00 
0 .3000E 00 

1 0.0 

0.30COE 00 
0.30OoE 00 

1 3.0 
1 0.0 

0.3000E 00 1 0 . 0  

0 . 3 o o n ~  00 
0.3nooe no 

1 n . o  

0.3000~ no 1 0.0 
0 . 3 n o o e  00 1 0 .0  
0 . 3 0 n m  00 1 0.0 
0.3000E 00 1 0 .0  

0. 0 

3.0 
0.0 
0.3 
7.0 
O.? 

0.9 
0.0 

0.0 
0.0 
0.c 
0. F 
0.0 

0 ,0 

n. o 

ANALYSIS CP B O n N D R R Y  ELFAFNTS - CCNSTPAINT FORCES 

CONST NWHBPR LOIlD CAST FORCE HnflENT 

2 
1 1 0.0 

3 
1 0.n 
1 

4 1 
0.0 

5 
n. d 

1 0.0 

-0. et3759r 02 
-0 .2054OP 0 3  
-3 .  319R4F 0 3  

- 0 . 2 1 2 2 9 E   0 3  
-0 .39125E 0 3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SVALOPTION OF DESIGN NUMBEP 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

nAx 
n13 0.U593P 00 1 1 

STRESS RATIO LoAn covD DES V I R T N I L E  
0 . 1 0 O l B   0 1  1 5 

MAX DISP RATIOS L O A D  PnND EON NIl3BER 

0 .1242E 01  1 4 3  

ONIFORH SCALING OPERATTOR  POLLOUS 

SCALE FACTOR 7 s  1.075AND DETERllINED EIT DISPLACEMENT CONSTPRINTS 

DESIGN  VAPTAEILES OF SCllLYD (CPITICAL) DESIGN A R E  

- n .  1AUF.E 6 2  
- 0 . 2 9 9 2 E   0 2  
-0.265r)E 02 

-0 .  W5AF  01 
-?.lhROF:  02 

-1\.3135F 02  
-? .4707I?  02 
- 0 . 3 2 2 2 8  6 2  
"3.1119E 02 

-0.321)7E  02 
- ? . 2 h h O E  0 2  

-n.Q313E 0 1  
-9 .113RE  02  

-0.Rn37R  01 
0 .102RE  01  

VALUES CP DPSIGN VARIABLES 



I 

SVOCTURAL #EIGHT= 0.1612E  01 

RRDESTGN  OPERATTON FOLLOWS 

OPTTflfiLTTY INDEX OF DESIGN VIRI3BLES FOR DISPT. CONSTQATVTS 

D V  NO ACl'/PA5 TNDSX 

1 
2 

ACT -0 .  93R50E-41 
ACT -0 .17R20E 00 

4 
3 ICT -0.50518? 00 

5 
ACn - 0 . 9 4 7 6 4 E  O@ 
ACT - 0 . 1 2 7 2 8 E  0 1  

6 ACT -0.22Rq3E 00 
7 
H 

ACT -P.2712'lE 9 0  
ACT -P.23R56E 00 

9 ACT - C .  10862F 00 
10 ACT - 0 . 2 7 1 1 7 E  O P  
11 ACT - 0 . 2 7 1 2 5 F  0 0  
12 ACT - 0 . 2 5 7 1 5 8  00 
1 3  ACT - 0 . 5 7 2 5 7 ~  no 
1 4  ACT -0.9504RE 00 
15 ACT - n . 2 2 4 2 2 ~  n l  

NO. OP ACTIVP DISPLICEHEYT CONSTRAINTS I R E  1 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
************************t 
RNILYSTS CF DESIGN NIIIIBm'l 9 

' NODhL DTSPLACERFNTS AND POTATTONS 

NODE LOAD x Y 7 x x  Y Y  ?7 

21 1 0.0 0.0 I . C O ~ Y - O I  1.2q?l~-nu r.n C.@ 

2@ 1 0.0 9 . 3  9.71uF-02 3.570RE-03 0.0 0.0 

19 1 0.0 0.0 9.493E-02 2.6407F-03 -2.4470E-07 C.0 

18 1 0.0 

17 1 0.0 

16 1 0.0 

15 1 0.0 

14 1 0.0 

13 1 0.0 

12 1 0.0 

1 1  1 0.0 

10 1 0.0 

9 1 0.0 

R 1 0.0 

1 1 0.0 

6 1 0.0 

9.3 

0.0 

r). 0 
0 .  0 

9.0 

0.0 

9 .c  

n. 0 
e.0 

? . O  

0.0 

0.0 

0.0 

8.OOPE-02 1.3263F-02 C . 3  

8.16RF-02 1.1323F-92 1.RR46P-C3 

e . ~ n 3 ~ - 0 2  - I . ~ ~ ~ I F - O U  ~.I-~OUR-I-IU 

3.748E-02 1.PORRE-02 0.C 

3 . 9 7 2 ~ 0 2  I . w ~ ~ F - o ~  I . E ~ U I E - O ~  

7.3331-62 1.0111E-02 2.1R08F-02 

1.035E-01 -5.9647E-03 6.0026F-03 

9.116E-03 8.14138-03 C.0 

9.157E-03 R.S211?-?3 -3.3690E-04 

2.416E-02 1.R33RE-02 1.1378F-02 

6.331E-02 4.6100E-02 2.1717F-02 

9.141E-02 P.fi574F-03 -4.h317E-07 

0.0 0.0 0.0 

0.r 

r.0 

(1.0 

0.0 

0.0 

O.@ 

n.o 
0.0 

0.C 

0.0 

0.0 

0.0 

0.0 

5 1 0.0 n.0  0.0 0.0 -7.0902~-04 0.0 

4 1 0.0 0.0 9.0 0 .0 4.5497F-04 0.0 

3 1 0 . 0  O.r) 0.0 O.n -5.5R17F-P3 0.C 

2 1 0.0 0.0 9.0 0.0 3.4017E-02 0.0 

1 1 0.0 3 . 3  0 .o 0 .n 0.0 0.0 

VlLnES OF DESIGN VARIABLES 

1 2 3 4 S h 7 e .  9 ,  10 

10 0.1245E 00 0.1522B 03 0.2126E 00 C.27RES 00 0.794RF P O  
0 0.3035P-01 0.30309-01 0.1282!? 00 0.187?E 00 0.55707 90 C.6RO5E-01 0;5?R3E-01 n.9P17E-01 0.3666S 05 0.117hE 30 



5NLLTSIS OF P L A t V / S I I E T L  El.FR?N?S ,CONSTRN C q n F  = 1 

2  0.383OE-Fl 
1 C!. 34351-01 

4 O.lfl70E 00 
3 0.1282F CO 

5 0.5574E On 
6  0.6805E-01 
7  0.52fl3E-01 
8 0.9017E-01 
9 0.3666F 00 

10  0.1176E 00 

12  0.1522E 00 
1 3  0.2126P. C O  
10 0.27ARE 00 
15 n.3945E 00 

1 1   0 . 1 2 4 5 ~  no 

1 0 . 0  
1  9.P 
1  9.n 

1 0.n 
1 q.c 

1 3 . 0  
1 0.9 

1  0.0 
1 3 . c  

1 O . @  
1 0.0 

1 0.0 
1 0.0 
1 0.0 
1 0.0 

0.0 
0.9 
0.0 
0.0 
0.9 
n. I! 

0. 
0.c 
0. c 
9 . q  

0. c 
0.0 
0.0 

0. r 

n. o 

ANALTSTS or B O I T N D A R T  E L E ~ I E N T S  - CONSTRAINT P ~ R C E S  

CONST NUMBER LOAD  CASU  FORCE NCM1NT 

1 
2 

1 0.0 
1 

3 
0.9 

1 
4 

0.0 
1 0.0 

5 1 0.0 

*~********. .****b******b*****b* 

E V A I n A T I O N  OF DESIGN  NONBRR 
* * * * * * * * * * . * * *~* * * * * * * * *b* * * * * *  

STRESS R A T I O  L O A D  COND 
WAX 0.1145E 01  
I1 I( 0.9729B 00 

1 
1 

I A X  DISP RATIOS LOAD  CDND 

0.1006E 0 1  1 

unTronn SCALING OPERATION FOLLOWS 

- 0 . 3 6 3 h P F  02 
-0.53698P 02 

-1).273RUR 03 
-0.l4642F 03 

-0.lR2R7P 03 

D P S   V I R I L S L F  
3 

12 

EQN NURBER 

43 

(r .n 
c.0 
n.? 
O . p  

0 ." 
0.0 
'0.9 

@.n 

c.c 
n.9 

O.C 
E.? 

0.0 
0.0 

c .n 

SCALE  ?ACTOR IS 1.145AND DETERRTNBD  BY STRESS CCNSTRIINTS 

D F S I G N   V R R I A B L E S  OF S C A L E D   ( C S I T I C I L )   D E S I G N  ARE 

VALUES OF D E S I G N   V A R T A R L E S  

-c.  7846F nn 

-r , .339UF P7 
- C . l 6 3 3 T  0 3  
@.?5OQF 0 1  

-0.596~F 0 1  
0.79UCP 70 

-C.9296€ O? 
C.567CE 01 

-C.535PE n l  
0.2313F 1" 
0.1603P. 01  

0.9637E 02 
0.3164F 07 

@,U33UF C '  

-r. 1 1 ~ ~  o ?  

r r y  W X Y  

-9.8125E 00 

n. 1827E 0 2  
0 . 2 6 2 5 E  02 

-0.2450E  02 
0.89flSE-01 

-9.7270B 00 
0.4Rlf iE 01 
0.2107F 02 

-0.1712E 0 2  
-0.61721  01 

-0.1006E  01 
-n.3622?  01 
-9.1547L  02 

0.6313P  01 

n.12961  01 



1 2 1 U 5 h 7 9 9 i n  

10 O . 1 4 2 5 E  00 0.1742r 09 3 . 2 4 3 3 F  @?1 O.?lOlF n n  fl.4519F .?(l 
0 0.39329-01 0.4384F-01 9.1469F 09 0.2140F: 09 “ . F 3 n l ?  ”0 C.77R’IF-rl “.hpU”C-rl n.1’32P 6‘‘ P.4197F 00 0.1347? 00 

STRUCTIIRBL HEIGHT= 0 . 1 0 9 4 E  91 

O P T I R l L T T Y  IHDEX OP DESIGN  VRRIABLES FOR D I S P T .   C 3 N S T R R I t l T S  

DV N O  ACT/PAS 

2 
1 PASS 

PASS 
3 PASS 
4 PlSS 
5 ACT 
6 
7 

P a y s  

8 
ACT 
ACT 

9 ACT 
10 
1 1  

PASS 
PASS 

12 
13 

ACT 

14 
RCT 

1s ACT 
n c T  

I t m x  

0.128OOE-01 

-0.65865E-02 
0.93611E-02 

-@. 5829r)F-01 
-0.52696E 00 
0.6402OY-01 
0.6AU113-02 

-0. 1971OE-01 
-0.569468 00 
-0.16236E 00 
-0.2789Or: 00 

- 0 . 3 7 h 6 5 E  0 0  
-0. U514FJF 00 

- 0 . 4 3 7 7 5 1  00 
-0.4455lP ‘YO 

NO. O? A C T I V E   D I S P L I C F H E N T   C O X S T P L T N T S  1RE 1 



P.2.1 

P .2  Square Plate with Clamped Edges - Problem 2 

We consider  the same p l a t e  as i n  Sec. P .  1, but  without any d i s -  

placement  constraints and with an increased  allowable normal stress 

of  0; = cf* = 60,000 p s i .  . A  change w a s  a l so  made i n   t h e   f i n i t e  element 

mesh: one quar te r  of t h e   p l a t e  was modelled as shown in   F ig .  P .2 .1  

( this   dispenses   with  the need f o r  boundary  elements.) The problem i s  

now ident ica l   to   the   p la te   des igned   in  Ref. [12 ] ,  and provides  us  with 

a check of  our  design  procedure. 

C 

A comparison of  the  weight-histories i s  given in   Fig.  P . 2 . 2 ,  and 

the  f inal   design  var iables   are  shown in  Fig.  P.2.1.  Due t o  somewhat 

d i f f e ren t   de t a i l s   o f   t he  two design  procedures,  the  weights  of  the 

individual   designs  are   not   ident ical ,   but   the   overal l  convergence 

cha rac t e r i s t i c s   a r e   t he  same. The dis t r ibut ion  of   mater ia l   in  F i g .  P . 2 . 1  

i s  a l so  similar f o r   t h e  two designs,  the  differences  being  mainly due 

t o   t h e   l a r g e r  number o f  design  cycles  used  in  Ref. [ 1 2 ] .  

The following  statement is  made  on p. 94 of  Ref. [ 121 : I t .  . . 
a f t e r   f i f t e e n   r e s i z i n g s ,  a discontinuous  material   distribution  has 

developed which as yet  cannot  be  accounted  for."  This  "discontinuous" 

d i s t r ibu t ion  is  very  apparent   in   the  resul ts  of  DESAP 1 i n  Fig. P . 2 . 1 ,  

where the  thicknesses   of  some elements  (underlined  figures)  have 

become very small. We disagree,  however, with  the  conclusion  that  

such  material   distribution  cannot  be  explained;  quite  to  the  contrary,  

the  tendency  of  the  thickness  to  vanish a t  cer ta in   locat ions i s  qu i t e  

sensible .  

I 



P.2.2 

The very small, underlined  element  thicknesses  in  Fig.  P . 2 . 1  

are an ind ica t ion   t ha t   t he re  is  a tendency  for a "hinge" ( l i ne  of 

zero  thickness)   to   develop  in   the  plate .  The presence  of  hinges  in 

the  optimal  design  of  statically  indeterminate beams i s  a common 

occurrence;  consequently it may well be  that  a p l a t e  of  optimal 

weight a l so   cons is t s  of several  "solid"  sections  connected by hinges. 

This  problem, as t h e   t r u s s   i n  Sec. L . l ,  has a very  slow  con- 

vergence r a t e  due t o   t h e  absence of reasonably  large minimum size 

constraints .   In  fact ,  it i s  unl ike ly   tha t   the   fu l ly   s t ressed   des ign  

w i l l  ever be  reached  unless some cons t ra in t  is placed on the  minimum 

thickness.  The t rouble  i s  tha t   t he   fu l ly   s t r e s sed   des ign ,  i f  it con- 

tains  hinges,   cannot be  always  reached by a continuous  design  process 

wi thout   v io la t ing   the   s t ress   cons t ra in ts  a t  some intermediate  stage.  

As a resu l t ,   the   des ign   var iab les  would eventually  oscil late  about 

the   fu l ly   s t ressed   des ign .  

.I. . . 



P.2.3 

Upper f i g u r e s :  DESAP 1 a f t e r  8 redesigns.  

Lower f i g u r e s :  Ref. ' [12] af ter  15  redesigns.  

Unusually small thicknesses  are underlined. 

Center l ine  

Symmetric  about 
the   d iagonal  
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I ,118 

.146 
" 
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.020 .020 .024 

- 
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.027  ,035 .os0 .019 
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.088 

.OS5 I . lo6  

.071 I .171 

.082 I .134' 

Clamped 

Figure  P.2.1 

F ina l   D i s t r ibu t ion   o f   Th ickness   fo r  Plate 
wi th   S t ress   Cons t ra in ts   Only .  
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-+- Reference [ 121 
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Figure P . 2 . 2  

Des ign   His tory   for   P la te   wi th   S t ress   Cons t ra in ts  Only. 
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